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The President and Council of the Royal Society 
having recommended to Her Majesty's Government 
the equipment of an Antarctic Expedition for scientific 
objects, were informed by the Lords Commissioners 
of the Admiralty that it had been determined to send 
out Captain James Clark Ross on such an expedition, 
and the Council were at the same time requested to 
communicate to them, for their information, any sug- 
gestions on those subjects, or on other points to which 
they might wish Captain Ross's attention to be called, 
in preparing the instructions to that officer*. The 
Council, having due regard to the magnitude and im- 
portance of the question submitted to them, considered 
that they would best fulfill the wishes of Her Majesty's 
Government, by a subdivision of the inquiry into dif- 
ferent parts, and by referring the separate considera- 
tion of each part to distinct Committees, consisting oi 
those members of the Society who were especially 
conversant with the particular branches of science to 

* This request was conveyed in a letter from Sir John Barrow, addr«ss«d to 
the Secretary of the Royal Society, and dated June 13, 1839. 
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wlddkeaclidiTiBODoftheiDqmfThadici^^ These 
•ereial Commiftiw, namelT. thoK of Physics, of Me^ 
tcnokfgT^ of Geologjr and MmeialogT, of Boturrand 
Vegetable FhjsidogT, and of Zoologr and Animal 
VbymAogf, 2Aa bestowing mndi time and great at- 
tention in the invertigation of the sobjeds farao^ 
nnder their notice^ diew isp Terj foil and oonqplete 
B^orts of the results of thdr labous. Theser^oits 
haring beoi considered and adopted by the Coandl, 
were incorporated in a General Report, irfaicdi the 
Coandl presented as their OfMnion on the matters 
which were ttkrred to them by Her Majesty's Go- 
Temment* 

The Conndl thinking that many occasions may 
occor on which scientific persons will be disposed 
to cooperate in promoting tiiese objects, referred the 
Reports again to the several Conmiittees, to review 
and generalize them so as to adapt their recommen- 
dations to general use and circulation. The Report 
on the objects of scientific inquiry in Physics and 
Meteorology is now presented in the more extended 
form. 

• 

lU^td Society, 8th April, 1840. 
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REPORT. 



PHYSICS AND METEOROLOGY. 



Thb Committee of Phpics, including Meteorology, are very strongly 
impressed with the number and importance of the desiderata in phy- 
sical and meteorological science, which may wholly or in part be sup- 
plied by observations which may be expected from the zeal and in- 
dustry of travellers, residents in foreign countries, and others whose 
position may give them favourable opportunities of stimulating re- 
search on the part of those in their respective departments. While 
they wish therefore to omit nothing in their enumeration of those ob- 
jects which appear to them deserving of attentive inquiry on sound 
scientific grounds, and from which consequences may be drawn of 
real importance, either for the settlement of disputed questions, or 
for the advancement of knowledge in any of its branches, — they deem 
it equally their duty to omit or pass lightly over several points which, 
although not without a certain degree of interest, may yet be re- 
garded in the present state of science rather as matters of abstract 
curiosity than as affording data for strict reasoning ; as well as others, 
which may be equally well or better elucidated by inquiries instituted 
at home and at leisure. 

1. TERRESTRIAL MAGNETISM. 

Terrestrial Magnetism will be considered : 1st, as regards those 
accessions to our knowledge which may be supplied by observations 
to be made, independently of any concert with or co-operation of other 
observers ; and 2ndly, as regards those which depend on and require 
such concert ; and are therefore to be considered with reference to 
the observations about to be carried on simultaneously in the fixed 
magnetic observatories established by Her Majesty's Government, 
and in the other similar obser^^atories, both public and private, in 
Europe, India, and elsewhere, with which it is intended to open and 
maintain a correspondence. 

Now it may be observed, that these two classes of observations 
naturally refer themselves to two chief branches into which the 
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science of terrestrial magnetism in its present state may be subdivided, 
and which bear a certain analogy to the theories of the elliptic move- 
ments of the planets, and of their periodical and secular perturba- 
tions. The first comprehends the actual distribution of the magnetic 
influence over the globe, at the present epoch, in its mean or average 
state, when the eflPects of temporary fluctuations are either neglected, 
or eliminated by extending the observations over a sufiicient time to 
neutralize their efi^ects. The other comprises the history of all that 
is not permanent in the phenomena, whether it appear in the form 
of momentary, daily, monthly, or annual change and restoration, or 
in progressive changes not compensated by counter changes, but 
going on continually accumulating in one direction, so as in the 
course of many years to alter the mean amount of the quantities ob- 
served. These last-mentioned changes hold the same place, in the 
analogy above alluded to, with respect to the mean quantities and 
temporary fluctuations, that the secular variations in the planetary 
movements must be regarded as holding, with respect to their mean 
orbits on the onejiand, and their perturbations of brief period on the 
other. 

There is, however, this difference, that in the planetary theory all 
these varieties of effect have been satisfactorily traced up to a single 
cause, whereas in that of terrestrial magnetism this is so far from 
being demonstrably the case, that the contrary is not destitute of 
considerable probability. In fact, the great features of the magnetic 
curves, and their general displacements and changes *of form over the 
whole surface of the earth, would seem to be the rc^sult of causes 
acting in the interior of the earth, and pervading its whole mass ; 
while the annual and diurnal variations of the needle, with their 
train of subordinate periodical movements, may, and very probably 
do, arise from and correspond to electric currents produced by pe- 
riodical variations of temperature at its surface, due to the sun's po- 
sition above the horizon, or in the ecliptic, modified by local causes ; 
while local or temporary electric discharges, due to thermic, che- 
mical, or mechanical causes, acting in the higher regions of the at- 
mosphere, and relieving themselves irregularly or at intervals, may 
serve to render account of those unceasing, and as they seem to us 
casual movements, which recent observations have placed in so con- 
spicuous and interesting a light. The electrodynamic tlieory, which 
refers all magnetism to electric currents, is silent as to the causes of 
those currents, which may be various, and which only the analysis 
of their effects can teach us to regard as internal, superficial, or at- 
mospheric. 

It is not merely for the use of the navigator that charts, giving 
a general view of the lines of Magnetic Declination, Inclination, 
and Intensity, are necessary. Such charts, could they really be 
depended on, and were they in any degree complete, would be of 
the most eminent use to the theoretical inquirer, not only as ge- 
neral directions in the choice of empirical formulae, but as powerful 
instruments for facilitating numerical investigation, by the choice 



they afford of data favourably arranged ; and above all^ as affording 
decidedly the best means of comparing any given theory with ob> 
servation. In fact, upon the whole, the readiest, and beyond com- 
parison the fairest and most effectual mode of testing the numerical 
applicability of a theory of terrestrial magnetism, would be, not ser- 
vilely to calculate its results for given localities, however numerous, 
and thereby load its apparent errors with the real errors, both of ob- 
servation and of local magnetism ; but to compare the totality of the 
lines in our charts with the corresponding lines, as they result from 
the formulae to be tested, when their general agreement or disagree- 
ment will not only show how far the latter truly represent the facts, 
but ' will furnish distinct indications of the modifications they re- 
quire. 

Unfortunately for the progress of our theories, however, we are 
yet* very far from possessing charts even of that one element, the 
Declination, most useful to the navigator, which satisfy these requi- 
sites ; while as respects the others (the Inclination and Intensity) 
the most lamentable deficiez^cies occur, especially in the Antarctic 
regions. To make good these deficiencies by the continual practice 
of every mode of observation appropriate to the circumstances in 
which the observer is placed throughout a voyage, will be one of 
the great objects to which attention must be directed. And first — 

At sea. — We are not to expect from magnetic observations made 
at sea the precision of which they are susceptible on land. Never- 
theless, it has been ascertained that not only the Declination, 
but the Inclination and Intensity can be observed, in moderate cir- 
cumstances of weather and sea, with sufficient correctness, to af- 
ford most useful and valuable information, if patience be bestowed, 
and proper precautions adopted. The total intensity, it is ascer- 
tained, can be measured with some considerable degree of certainty 
by the adoption of a statical method of observation recently de- 
vised by Mr. Fox. And when it is recollected that but for such 
observations the whole of that portion of the globe which is 
covered by the ocean must remain for ever a blank in our charts, it 
will be needless further to insist on the necessity of making a daily 
series of magnetic observations, in all the three particulars above- 
mentioned, whenever weather and sea will permit, an essential feature 
in the business of a voyage. Magnetic observations at sea will, of 
course, be affected by the ship's magnetism, and this must be eli- 
minated to obtain results of any service. To this end, 

First. Every series of observations inade on board should be ac- 
companied with a notice of the direction by compass of the ship's 
head at the time. 

Secondly. Previous to sailing, a very careful series of the apparent 
deviations, as shown by two compasses permanently fixed, (the one 
as usual, the other in a convenient position, considerably more for« 
ward in the ship,) in every position of the ship's head, as compared 
with the real position of the ship, should be made and recorded, with 
a view to attempt procuring the constants of the ship's action ac- 
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cording to M. Poisson's theory^; and this process should be repeated 
on one or more convenient occasions during thevoy age ; and, generally, 
while at anchor, every opportunity should be taken of swinging round 
the ship's head to the four cardinal points, and executing in each 
position a complete series of the usual observations. 

Thirdly. Wherever magnetic instruments are landed and obser- 
vations made on terra firma, or on ice, the opportunity should be 

* Note on M. Poisson's theory of the deviation produced in the direction of the 
compass by the iron of the ship. 




(Ship's Stern)...,.G ^^ZI^^^^ ^ * (Ship's Head.) 

N (North.) 

Let O X be the axis of the ship, sc lying towards the ship's head. 
G the centre of gravity of the compass. 
6 N the meridian, N the north. 

Let A be the south pole of the clipping needle, that is the extremity of the needle 
which dips beneath the horizontal plane in our hemisphere, let C be the projection 
of the point A upon a horizontal plane, so that G C is the magnetic meridian. Let 
the angle A G = 0, © varying from — 90** to -f 90°, being positive when the 
south pole A is beneath the horizontal plane, and negative in the contrary case. 

Let C G N « tj/, this angle (variation) which is the azimuth of the vertical plane 
C G A may extend from — 180** to -f 180°, and is to be considered jwm/f»tf or ne- 
gative according as the line G C falls to the west or to the east of the line G N, or 
this angle may be considered to vary from to 360°, going from north to south 
through west and returning from south to north by east. 

Let GO' be the direction of a horizontal needle, so that C^GC is the local 
attraction, 

Leta?GC'-^ C'GC=:5 xGC^l—L 

Let ia be the azimuth of the principal section of the ship reckoned from G N to- 
wards the westf 

M. Poisson arrives at the following equation, Conn, de Temps, 1841, p. 146, 
and Mem, de PInstiiut, tom. xvi. p. 529. 

[A'cosecos(i//-a>)-fBcos0sin(^-w)-f Csin0]8in^ "I 

= [Dcos0cos(>//-w)-f E'co80sin(i//-w)-f Fsme]cos?J ' ^ '^ 
A', B, C, D, E^ F are constants, if therefore 

U ''T'' ''' A^ "^'X " ^'^-^d— - e 
cos {K - ^) sin$ -f c sin {K - ^) sin^ -f atan0cos K, 

= rf cos (^ - ^) cos ^ -f * sin (^ - a) cos ^ -|- e tan cos ^. 

in which equation a, b, c, d, e are constants, which must be determined from ob- 
servations at some one place, a^d which continue invariable as long as the posi- 
tion of the iron in the ship remains unaltered. In order to do this the local at- 
tractions corresponding to every azimuth of the ship's head must be obtained and 
may be inserted in a table, or at least they must be found in sufficient number to 
alford any others by interpolation. The manner of obtaining such data from ob- 



seized of going through the regular series on ship-board with more 
than usual diligence and care, so as to establish » by actual expe- 
riment in the only unexceptionable manner, the nature and amount 
of the corrections due to the ship's action for that particular geo- 
graphical position, and by the assemblage of all such observations 
to afford data for concluding them in general. 

Fourthly. No change possible to be avoided should be made in 
the disposition of considerable masses of iron in ships during the 
whole voyage ; but if such change be necessary, it should be noted. 



serration is described in the small code of instructions which accompanies Mr. 
Barlow's plate» and is also given in the Nautical Magazine. 
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N.B. 7%tff Table to beJlUed up from obaertation. 

.«« * rfcos^i -f tftanO 

— stn Oi =■ 2-^ 

a 

. ^ — <f cos ^3 -f e tan d 

— sm ^2 = r^ 

6 

— sin ^3 s ccos ^3 -)- A tan ^ 



sin ^4 = — c cos ^4 + « t*n 



from these four equations, if <f =» m 6, e = n 6, a, c, m and n may easily be found, 
and b may be then obtained firom any other known deviation. 

By solving equation (1.) with respect to tan ^, the angle K may be found cor- 
responding to the angle K-^^t 

^ rfcos (g - S) + bsm(Z - S) -f gtanO 
**^^ " cos($-^) + c8in(^-^)-f atane ' 

Afterwards, by interpolation or reversion, the angle ^ — ^ may be obtained cor- 
responding to the observed angle ^, and a table of double entry formed, giving the 
local attraction for every value of t* the arguments of the table being tne observed 
angle Z and the dip. This table, according to the theory of M. Poisson, ought to 
continue available in all quarters of the globe so long as the disposition of the 
masses of iron in the ship remains unaltered. 
If when the ship's head is on the magnetic north and south, no effects arise from 



Fifthly. When a traveller crosses the magnetic line of no dip it 
would be desirable to go through the observation for the dip with 
the instrument successively placed in a series of diflPerent magnetic 
azimuths, by which the influence of the ship's magnetism in a ver- 
tical direction will be placed in evidence. 

On land, or on ice. — If the completeness and excellence of the in- 
struments with which the traveller is furnished authorize confidence 
in the results obtained by their use, the redetermination of the 
magnetic elements at points where they are already considered as 
ascertained, will be scarcely less desirable than their original deter- 
mination at stations where they have never before been observed. 
This is the more to be insisted on, as lapse of time changes these 
elements in some cases with considerable rapidity ; and it is there- 
fore of great consequence that observations to be compared should 
be as nearly cotemporary as possible, and that data should be ob- 
tained for eliminating the effects of secular variations during short 
intervals of time, so as to enable us to reduce the observations of a 
series to a common epoch. 

On the other hand it cannot be too strongly recommended to the 
scientific navigator, studiously to seek every opportunity of landing 



local attraction, as was the case m the experiments of Captain Flinders, ^i = 0, 
^3 = 0, and hence rf =^ 0, c =* 0. 

If the iron is symmetrically situate about the axis of the ship, then according to 
M. Poisson c = 0, d = Of e = 0. 

cos(?-5)sin?-f atan0sin? = *sin(?-5)eos^ (2.) 

Conn, de TempSf p. 150. 

« ^ sin (^ — d) 

^ cos (?- ^) -fa tan 0' 

sin ^ ( (* — 1) cos ? — a tan 0} 

sm = 5;; -r —■ nearly. 

l^_(j_ l)cos2? ^ 

If S' is the local attraction, K' the magnetic bearing of any compass in any other 
distant part of the ship, or of the same compass a^er the disposition of the iron 
has been changed, 

cos (r - ^0 sin r -f a' tan e sin ^' « 4' sin (^ - 5') cos ^' 

but 5' - ^' = ^ - ^ 

nence cos (K — ^) sin ? + a' tan sin ^' = b^ sin (^ — 5) cos $' 

eliminating tan 9 

tan (K - 6)=^ (a^ - a) sin ^ sin ^ 

' a'dsin^'cos? — oi'sin^cosT 

From this equation it may be possible to compute a table of double entry, giving 
the local attraction without knowing the dip, the arguments of the table being 
the observed angles K of two compasses situate in different parts of the vessel. 
This table ought to continue available so long as the disposition of the masses of 
iron remains unaltered. The two compasses must of course be so distant as to 
Jiave no sensible effect upon each other. 

The theory of Mr. Barlow's plate, according to M. Poisson, depends upon the 
practicability of so disposing the iron in the vessel as to give to the constants a 
and b in equation (2.) the particular vidues a «= 0, & => 1. 
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on points (magnetically speaking) unknown, and determining the 
elements of those points with all possible precision. Nor should it 
be neglected, whenever the slightest room for doubt subsists, to de- 
termine at the same time the geographical position of the stations 
of observation in latitude and longitude. When the observations 
are made on ice, it is needless to remark that this will be universally 
necessary. 

With this general recommendation, it will be unnecessary to enu- 
merate particular localities. In fact, it is impossible to accumulate 
too many. Nor can it be doubted that in the course of antarctic 
exploration, many hitherto undiscovered points of land will be en- 
countered, each of which will, of course, become available as a mag- 
netic station, according to its accessibility and convenience. 

There are certain points in the southern regions which offer great 
and especial interest in a magnetic point of view. These are, first, 
the south magnetic pole (or poles), meaning thereby the point or 
points in which the horizontal intensity vanishes and the needle 
tends vertically downwards ; and secondly, the points of maximum 
intensity, which, to prevent the confusion arising from a double use 
of the word poles, we may provisionally term magnetic /oct. 

It may here be mentioned, that no scientific datum of this descrip- 
tion, nor any attempt to attain very high southern latitudes, can be 
deemed important enough to be made a ground for exposing to ex^ 
traordinary risk the lives of brave and valuable men. The magnetic 
pole, though not attained, may yet be pointed to by distinct and un- 
equivocal indications ; viz. by the approximation of the dip to 90^ ; 
and by the convergence of the magnetic meridians on all sides to- 
wards it. If such convergence be observed over any considerable re- 
gion, the place of the pole may thence be deduced, though its locality 
may be inaccessible. 

M. Gauss, from theoretical considerations, has recently assigned 
a probable position in Ion. 146° £., lat. 66° S., to the southern mag- 
netic pole, denying the existence of two poles of the same name, in 
either hemisphere, which, as he justly remarks, would entail the ne- 
cessity of admitting also a third point, having some of the chief cha- 
racters of such a pole intermediate between them. This may be made 
obvious without following out his somewhat intricate demonstration, 
by simply considering, that if a needle be transported from one such 
pole to another of the same name, it will begin to deviate from per- 
pendicularity towards the pole it has quitted, and will end in attain- 
ing perpendicularity agaui, after pointing in the latter part of its pro- 
gress obliquely towards the pole to which it is moving, a sequence of 
things impossible without an intermediate passage through the per- 
pendicular direction. 

It is not improbable that the point indicated by M. Gauss will 
prove accessible ; at all events it cannot but be approachable suf- 
ficiently near to test by the convergence of meridians the truth of 
the indication ; and as his theory gives within very moderate limits 
q{ error the true place of the northern pole, and otherwise represents 
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the magnetic elements in every explored region with considerable ap- 
proximation, it is but reasonable to hope that this point may be de- 
cided in Captain Ross's voyages. Should the decision be in the ne- 
gative, i. e. should none of the indications characterizing the near 
vicinity of the magnetic pole occur in that region, it will be to be 
sought ; and a knowledge of its real locality vnUl be one of the di- 
stinct scientific results which may be confidently hoped from that 
Expedition, and which can only be attained by circumnavigating the 
antarctic pole compass in hand. 

The actual attainment of k focus of maximum intensity is rendered 
difi^cult by the want of some distinct character by which it can be 
known, previous to trial, in which direction to proceed, when after 
increasing to a certain point the intensity begins again to diminish. 
The best rule to be given, would be (supposing circumstances would 
permit it) on perceiving the intensity to have become nearly station- 
ary in its amount, to turn snort and pursue a course at right angles 
to that just before followed, when a change could not fail to occur, 
and indicate by its direction towards which side the focus in ques- 
tion were situated. 

Another, and as it would appear, a better mode of conducting such 
a research, would be, when in the presumed neighbourhood of a 
focus of maximum intensity, to run down two parallels of latitude 
or two arcs of meridians separated by an interval of moderate extent, 
observing all the way in each, by which observations, when com- 
pared, the concavities of the isodynamic lines would become appa- 
rent, and perpendiculars to the chords, intersecting in or near the 
foci, might be drawn. 

Two foci or points of maximum total intensity are indicated by 
the general course of the lines in Major Sabine*s chart in the South- 
em Hemisphere, one about long. 140° E., lat. 47° S., the other 
more obscurely in long. 235° E., lat. 60° S., or thereabouts. Both 
these points are certainly accessible ; and should the course of the 
navigator lead not far from each of them, they might be visited with 
advantage by a course calculated to lead directly across the isody- 
namic ovals surrounding them. 

Pursuing the course of the isodynamic lines in the chart above 
mentioned, it appears that one of the two points of minimum total 
intensity, which must exist, if that chart be correct, may be looked 
for nearly about lat. 25° S., long. 12° W., and that the intensity at 
that point is probably the least which occurs over the whole globe. 
Now this point does not lie much out of the direct course usually 
pursued by vessels going to the Cape. It would therefore appear 
desirable to pass directly over it, were it only for the sake of deter- 
mining by direct measure the least magnetic intensity at present ex- 
isting on the earth, an element not unlikely to prove of importance 
in the further progress of theoretical investigation. Excellent op- 
portunities may be afiPbrded for the investigation of all these points, 
and for making out the true form of the isodynamic ovals of the 
South Atlantic, both in beating up for St, Helena, and in passing 
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from thence to the Cape ; in the course of which, the point of least 
intensity wUl, ahnost of necessity, have to he crossed, or at least ap- 
proached very near. 

Nor is the theoretical line indicated hy M. Gauss as dividing the 
northern and southern regions, in which free magnetism may be 
regarded as superficially distributed, undeserving of attention. That 
line cuts the equator in 6^ east longitude, being inclined thereto 
(supposing it a great circle) 15°, by which quantity it recedes from 
the equator northward in going towards the west of the point of in- 
tersection. Observations made at points lying in the course of this 
line may hereafter prove to possess a value not at present con- 
templated. 

'As a theoretical datum, the horizontal intensity has been recom- 
mended by M. Gkiuss, in preference to the total, not only as being 
concluded from observations susceptible of great precision, but as 
affording immediate facilities for calculation. As it cannot now be 
long before the desideratum of a chart of the horizontal intensity is 
supplied, the maxima and minima of this element may also deserve 
especial inquiry, and may be ascertained in the manner above pointed 
out. 

The maxima of horizontal intensity are at present undetermined 
by any direct observation. They must of necessity, however, lie in 
lower magnetic latitudes than those of the total intensity, as its mi- 
nima must in higher; and from such imperfect means as we have of 
judging, the situations of the maxima may be stated as occurring in 

20° N. 80° E. I. 

7 N. 260 E. II. 

3 S. 130 E. III. 

10 S. 180 E. IV. 

Observations have been made of the horizontal intensity in the 
vicinities of II. and III., and are decidedly the highest which have 
been observed anywhere. 

In general, in the choice of stations for determining the values 
of the three magnetic elements, it should be borne in mind, that 
the value of each new station is directly proportional to its remote- 
ness from those already known. Should any doubt arise, there- 
fore, as to the greater or less eligibility of particular points, a refer- 
ence to the existing magnetic maps and charts, by showing where 
the known points of observation are most sparingly distributed, will 
decide it. 

For such magnetic determinations as those above contemplated, 
the instruments hitherto in ordinary use, with the addition of Mr. 
Fox's apparatus for the statical determination of the intensity, will 
suffice ; the number of the sea observations compensating for their 
possible want of exactness. The determinations which belong to the 
second branch of our subject, — viz. those of the secular changes, of 
the diurnal and other periodical variations, and of the momentary 
fluctuations of the magnetic forces, — require, in the present state of 
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our knowledge, the use of those more refined instruments recently 
introduced, and to be presently described. 

The variations to which the earth's magnetic force is subject, at a 
given place, may be classed under three heads, namely, 1. the irre- 
gular variations, or those which apparently observe no law ; 2. the 
periodical variations, whose amount is a function of the hour angle 
of the sun, or of his longitude ; and 8. the secular variations, which 
are either slowly progressive, or else return to their former values 
in periods of very great and unknown magnitude. 

The recent discoveries connected with the irregular variations of 
the magnetic declination, have given to this class of changes a pro- 
minent interest. In the year 1818 M. Arago made, at the Obser- 
vatory of Paris, a valuable and extensive series of observations on 
the declination changes ; and M. KupfFer having about the same 
time undertaken a similar research at Kasan, a comparison of the 
results led to the discovery that the perturbations of the needle were 
synchronous at the two places, although these places differed from 
one another by more than forty-seven degrees of longitude. This 
seems to have been the first recognition of a phenomenon, which 
now, in the hands of Gauss and those who are labouring with him, 
appears likely to receive a full elucidation. 

To pursue this phenomenon successfully, and to promote in other 
directions the theory of terrestrial magnetism, it was necessary to 
extend and vary the stations of observation, and to adopt at sdl a 
common plan. Such a system of simultaneous observations was or- 
ganized by Von Humboldt in the year 1 827 . Magnetic stations were 
established at Berlin and Freyberg : and the Imperial Academy of 
Russia entering with zeal into the project, the chain' of stations was 
carried over the whole of that colossal empire. Magnetic houses 
were erected at Petersburg and at Kasan; and magnetic instru- 
ments were placed, and regular observations commenced, at Moscow, 
at Sitka, at Nicolajeff in the Crimea, at Barnaoul and Nertschinsk 
in Siberia, and even at Pekin. The plan of observation was definitely 
organized in 1 830 ; and simultaneous observations were made seven 
times in the year, at intervals of an hour for the space of forty-four 
hours. 

In 1834 M. Gauss turned his attention to the subject of ter- 
restrial magnetism; and having contrived instruments capable of 
yielding results of an accuracy before unthought of in magnetic 
researches, he proceeded to inquire into the simultaneous move- 
ments of the horizontal needle at distant places. At the very outset 
of this inquiry he discovered the fact, that the synchronism of the 
perturbations weis not confined (as had been hitherto imagined) to 
the larger and extraordinary chan&:es ; but that even the minutest de- 
yiation at one place of observation had its counterpart at the other. 
Gauss was thus led to organize a plan of simultaneous observations, 
(not at intervals of an hour, as before, but) at the short intervals of 
five minutes. These were carried on through twenty-four hours six* 

 Recently reduced to four. 




11 

times in the jear ; and magnetic stations taking part in the system 
were established at Altona, Augsburg, Berlin^ Bonn, Brunswick^ 
Breda, Breslau,Cas8el, Copenhagen, Kracow, Dublin, Freyberg, Got- 
tingen, Greenwich, Halle, Kasan, Leipsic, Marburg, Milan, Munich, 
Naples, St. Petersburg, and Upsala. 

Extensive as this plan appears, there is much yet remaining to be 
accomplished. The stations, numerous as they are, embrace but a 
small portion of the earth's surface ; and what is of yet more im* 
portance, none of them are situated in the neighbourhood of those 
singular points or curves on the earth's surface, where the tnagni- 
tude of the changes may be expected to be excessive, and perhaps 
even their direction inverted. In short, a wider system of observa- 
tion is required to determine whether the amount of the changes 
(which is found to be very different in different places) is dependent 
simply on the geographical or on the magnetic co-ordinates of the 
place; whether, in fact, the variation in that amount be due to 
the greater or less distance of a disturbing centre* or to the modifying 
effect of the mean magnetic force of the place, or to both causes 
acting conjointly. In another respect also, the plan of the simul- 
taneous observations admits of a greater extension. Until lately the 
movements observed have been only those of the magnetic cf^c/tftaf ton, 
although there can be no doubt that the inclination and the intensity 
are subject to similar perturbations. Recently, at many of the 
German stations, the horizontal component of the intensity has been 
observed, as well as the declination ; but the determination of an- 
other element is yet required, before we are possessed of all the data 
necessary in this most interesting research. 

The Magnetic Observatories about to be established in the British 
Colonies, by the liberality of the Government and of the East India 
Company, will (it is hoped) supply in a great measure these deside- 
rata. The stations are widely scattered over the earth's surface, and 
are situated at points of prominent interest with regard to the Iso- 
dynamic and Isoclinal lines. The point of maximum intensity in the 
northern hemisphere is in Canada; the corresponding maximum 
in the southern hemisphere is near Van Diemen's Land ; St. Helena 
is close to the line of minimum intensity ; and the Cape of Good Hope 
is of importance on account of its southern latitude. Again, in India, 
Madras and Singapore are in the neighbourhood of the two lines of 
minimum intensity and of no dip, which in this region of the globe 
approach one another ; and Simla, in the Himalaya mountains, is a 
station of interest and importance on account of its great elevation. 
At each observatory the changes of the vertical component of the mag- 
netic force will be observed, as well as those of the horizontal compo- 
nent and declination ; and the variations of the two components of the 
force being known, those of the inclination and of the force itself are 
readily deduced. The simultaneous observations of these three 
elements will be made at numerous and stated periods, and there is 
every reason to hope that the directors of many of the European Ob- 
servatories wUl take part in the combined system. 
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But interesting as these phenomena are« they form but a small 
part of the proper business of an observatory. The regular changes 
(both periodic and secular) are no less important than the irregular ; 
and they are certainly those by which a patient inductive inquirer 
would seek to ascend to general laws. Even the empirical expres* 
sion of the laws of these changes cannot fail to be of the utmost 
value, as furnishing a correction to the absolute values of the mag- 
netic elements, and thereby reducing them to their mean amount. 

The hourly changes of the declination have been frequently and 
attentively observed ; but with respect to the periodical variations 
of the other two elements, our information is as yet very scanty. The 
determination of these variations will form an important part of the 
duty of Magnetic Observatories ; and Arom the accuracy of which 
the observations are susceptible, and the extent which it is proposed 
to give them, there can be no doubt that a very exact knowledge of 
the empirical laws will be the result. 

With respect to the secular variations, it might perhaps be doubted 
whether the limited time during which the observatories will be in 
operation is adequate to their determination. But it should be kept 
in mind that the monthly mean corresponding to each hour of ob- 
servation will furnish a separate result ; and that the number and 
accuracy of the results thus obtained may be such, as fully to com- 
pensate for the shortness of the interval through which they are fol- 
lowed. A beautiful example of such a result, deduced from three 
years' observation of the declination, is to be found in the first vo- 
lume of Gauss's magnetical work, of which a translation is published 
in the fifth number of Taylor's Scientific Memoirs. 

Allusion has been made above to a different system of magnetic 
elements from that usually chosen. Before proceeding further, 
therefore, it is necessary to state more fully what those elements 
are which have been taken as the immediate objects of research ; 
and to describe the instruments which have been adopted for the 
purpose. 

The elements on which the determination of the Earth's Magnetic 
Force is usually based are, the declination, the inclination, and the 
intensity. If a vertical plane be conceived to pass through the di- 
rection of the force, that direction will be determined when its in- 
clination to the horizon is given, as well as the angle which the 
plane itself forms with the meridian ; and if, in addition to these 
quantities, we likewise know the number which expresses the ratio 
of the intensity of the force to some established unit, it is manifest 
that the force is completely determined. 

For many purposes, however, and especially in the delicate re- 
searches connected with the variations of the magnetic force, a dif- 
ferent system of elements is preferable. The intensity being resolved 
into two portions in the plane of the magnetic meridian, one of them 
horizontal and the other vertical, it is 'manifest that these two com- 
ponents may be substituted for the total intensity and the inclina- 
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tion; while, at the same time, their changes maybe determined 
-with far greater precision. The former variables are connected with 
the latter by the relations 

X = Rco86, Y = Rsin6; 

in which R denotes the intensity, X and Y its horizontal and ver- 
tical components, and the inclination ; and the variations of 6 and 
R are expressed in terms of the variations of X and Y by the for- 
mulae.:. 

As the instruments required for the observation of these elements 
are, for the most part, novel in form, it will be useful to give a some- 
what detailed account of their construction and various adjustments, 
before entering on the plan of observation to be pursued. 

DECLINATION MAGNBTOMBTER. 

Construction, — The essential part of the declination magnetometer 
is a magnet bar, suspended by fibres of untwisted silk, and inclosed 
in a box, to protect it from the agitation of the air. The bar is a 
rectangular parallelepiped, 15 inches in length, ^ths of an inch in 
breadth, and ;^th of an inch in thickness. In addition to the stirrup 
by which the bar is suspended, it is furnished with two sliding pieces, 
one near each end. One of these pieces contains an achromatic lens, 
and the other a finely-divided scale of glass ; the scale being adjusted 
to the focus of the lens, it is manifest that the apparatus forms a 
moving collimator, and that its absolute position at any instant, as 
well as its changes of position from one instant to another, may be 
read off by a telescope at a distance. The aperture of the lens of 
this collimator is 14^ inch, and its focal length about 1 2 inches. Each 
division of the scale is 7^ jth part of an inch, and the visual angle 
under which it is seen in the telescope is so considerable, that it 
may be readily subdivided into tenths by estimation. The corre- 
sponding angular quantity is about 43 seconds, and the readings 
may therefore be made to four seconds nearly. 

To the suspension thread is attached a small cylindrical bar, the 
ends of which are of smaller diameter, and support the stirrup which 
carries the magnet. The apertures in the stirrup, by which it hangs 
on the cylinder, are of the form of inverted Y*s, so that the bearing 
points are invariable. A second pair of apertures at the other side 
of the magnet, serves for the purpose of inversal ; and care has been 
taken to render the lines connecting the bearing points of each pair 
of Y's parallel, so that there may be no difference in the amount of 
torsion of the thread in the two positions of the stirrup. The two 
pairs of aperture^ are at different distances from the magnet, in 
order that the line of collimation may remain nearly at the same 
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height on'inversal, and thus it may not be necessary to alter the 
length of the suspension thread. Ilie stirrup, and the other sliding 
pieces, are formed of gun metal. 

For the purpose of taking out the torsion of the suspension thread, 
the apparatus is furnished with a detorsion bar, which (with its ap- 
pendages) is of the same weight as the magnet. It is a rectangular 
bar of gun-metal, furnished with a stirrup and collimator similar to 
those of the magnet. A rectangular aperture in the middle receives 
a small magnet, the use of which is to impart a slight directive force 
to the suspended bar, without which the final adjustment of detor- 
sion would be tedious and difficult. 

The frame- work of the instrument consists of two pillars of copper, 
35 inches in height, firmly screwed to a massive marble base. These 
pillars are connected by two cross pieces of wood, one at the top, 
and the other 7 inches from the bottom. In the centre of the top 
piece is the suspension apparatus, and a divided circle used in deter- 
mining the amount of torsion of the thread. A glass tube (between 
this and the middle of the lower cross piece) incloses the suspension 
thread ; and a glass cap at top covers the suspension apparatus, and 
completes the inclosure of the instrument. 

The box is cylindrical, its dimensions being 20 inches in diameter 
by 7 inches in depth. It rests upon the marble slab, and encom- 
passes the pillars ; and it is so contrived as to be raised, when ne- 
cessary, for the purpose of manipulation. There are two apertures 
in the box, opposite to each other. The aperture in front, used for 
reading, is covered with a circular piece of parallel glass, attached 
to a rectangular frame of wood which moves in dovetails ; the pris- 
matic error of the glass (if any) is corrected by simply reversing the 
slider in the dovetails. ITie opposite aperture is for the illumination 
of the scale, and is furnished with a sliding piece of wood carrying 
a moveable mirror. 

In addition to the parts abovementioned, the instrument is pro- 
vided with a second magnet, of the same dimensions as the first, to 
be used in measurements of absolute intensity ; and a copper ring, 
for the purpose of checking the vibration *. 

* The decHnation magnetometers which were provided for the Antarctic expe- 
dition differ from that above described in one or two particulars, which have been 
necessarily varied in order to enable the observer to read off very great deviations. 

The magnet has a second stirrup, which is furnished with a mirror, for the pur- 
pose of reading the declination changes by reflexion after the method of Gauss. 
The mirror is attached to a cross, which is fixed to the stirrup ; it is kept in its 
place by three small screws, the heads of which project and hold it ; the plane of 
the mirror may be adjusted by the movement of these screws. The deviation of 
the Une of collimation (which, in this case, is the normal to the surface of the 
mirror) from the magnetic axis of the bar, is ascertained by mversalj the stirrup 
being provided with a second pair of apertures, in the form of inverted Y's, for 
the purpose. 

There are two graduated scales to be used with the mirror. The first of these 
is a straight scale, similar to that of Gauss, to be used for moderately large varia- 
tions. Ihis scale is 4 feet long, and the magnitude of each division is *04082 of 
an inch. Every tenth division is numbered 1, 2, 3, &c. up to 100. The divisions 
are engraved and printed on paper which is attached to a slip of wood by sealing* 
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Adju9tmeni. — ^The instrument having been placed on its support, 
the base is to be levelled, and the whole then fixed in its place. The 
levelling of the base may conveniently be performed by Uie aid of a 
plumb-line hanging in the place of the suspension thread ; but no 
great precision is required in this operation, the chief object of which 
is that the suspension thread may occupy the middle of the tube, and 
lliat the magnet may be central with regard to its support. The 
suspension thread is then to be formed, and attached at one extremity 
to the roller of the suspension apparatus, and at the other to the 
small cylinder which is to bear the stirrup and magnet. Sixteen 
fibres* of untwisted silk are sufficient to bear double the load with* 
out breaking, and will be found to form in other respects a conve- 
nient suspension. 

These preparations being made, the adjustments are the following : 

1. The sliders being placed on the magnet, the scale is to be ad- 
justed to the focus of the lens, and in such a manner that the centre 
of gravity of the sliders may be near t^e middle of the bar. The 
adjustment to focus is readily made, by first adjusting the reading 
telescope accurately to focus by means of a star, and then using it 
to view the scale through the object lens of the collimator. The 
scale will be in the focus of the lens, when it is distinctly seen with 
the telescope. 

2. The magnet is to be connected with the suspension thread by 
means of the stirrup, and to be moved in the stirrup until it assumes 
the horizontal position. This adjustment may be conveniently ef- 
fected by means of the image of the magnet, reflected from the sur- 
face of water or mercury, the object and its reflected image being 
parallel when the former is horizontal. The stirrup is then fastened 
by its screws, and the magnet wound up to the desired height. As 
the thread stretches considerably at first, allowance should be made 
for this in the height. 

3.t The magnet is then removed, and the unmagnetic bar (having 
its collimator similarly adjusted) is to be attached, without its small 
magnet, and allowed to swing for several hours. The bar having 



wax varnish. The second scale is graduated on a complete circle, 6 feet in dia- 
meter, and is to be used when the changes (regular or irregular) are excessive. 
The circle is of wood, and is in the shape of a flat ring, 9 inches in breadthi 
formed in segments so as to preserve its figure. At the exterior of the ring is a 
raised edge (also built in segments), on the interior face of which the scsJe is 
attached. The scale itself is the same as the former ; the numbering of the divi- 
sions (every tenth) proceeding from to 100, and then commencing anew. 

The aperture in the box is a rectangle, 6 inches long by 2^ inches high, and is 
covered by a piece of wood sliding in dovetails, having a glass window of the 
usual size. Tlie glass-cover will be used (with the collimator) when the varia- 
tions are moderate ; the uncovered aperture (with the mirror) when they are 
large, but not excessive ; and, when the variations are very great, the box may 
be lifted altogether, so as to allow the entire range of azimuth. 

* Not the individual fibre of the silk-worm, but the compound fibre in the state 
in which it is prepared for spinning. 

t It is obvious that this step of the adjustment may precede the Ist and 2ndy 
where a saving of time is Important. 
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come to rest, or nearly so, its deviation from the magnetic meridian 
is to be estimated, and the moveable arm of the torsion circle turned 
through the same angle in an opposite direction. The plane of 
detorsion then coincides, approximately, with the magnetic meri- 
dian. 

4. The magnet is then to be substituted for the unmagnetic bar, 
and the telescope being directed towards the collimator, the point 
of the scale coinciding with the vertical wire is to be noted when 
the magnet is in the direct and inverted positions. Half the sum of 
these readings is the point of the scale corresponding to the mag- 
netic axis of the magnet bar ; and half their difference (converted 
into angular measure) is the deviation of the line of collimation of 
the telescope from the magnetic meridian. The telescope should 
be moved through this angle in the opposite direction. 

5. In order to take out the remaining torsion of the thread, the 
magnet is again to be removed, and the unmagnetic bar (with its 
small magnet attached) substituted. The deviation of this bar from 
the magnetic meridian should then be read off on its divided scale, and 
the moveable arm of the torsion circle turned through a given angle 
in the opposite direction. The deviation being again read, a simple 
proportion will give the remaining angle of torsion; and the moveable 
arm being turned through this angle in the opposite direction, another 
observation will serve to verify the adjustment. The plane of de- 
torsion then coincides with the magnetic meridian ; and the magnet 
being replaced, the instrument is ready for use. 

Observations, — ^The observations to be made with this instrument 
are, 1. of the absolute declination; 2. of the variations of the decli- 
nation ; and 3. of the absolute intensity. 

For measurements of the absolute declination each observatory is 
furnished with an azimuth instrument. This instrument being placed 
in the magnetic meridian of the declination instrument, the point of 
the scale coinciding with the wire of the telescope is to be observed ; 
the interval between this point and the point corresponding to the 
magnetic axis of the bar, converted into angular measure, is the de- 
viation, D, of the line of collimation of the telescope from the mag- 
netic meridian. The verniers of the horizontal circle being then read, 
the telescope is turned, and its wire made to bisect a distant mark, 
whose azimuth, Z, is known. If A denote the angle read off on the 
horizontal circle, it is manifest that the angle between the magnetic 
and the astronomical meridians is 

A + Z + D, 

Z and D being affected with their proper signs. 

Some of the observatories are furnished with a transit instrument 
distinct from the theodolite ; in others the transit instrument and 
theodolite are combined in one. In the former case the mark above 
referred to may be the central wire of the transit telescope, used as 
a collimator ; so that for this case Z = 0. In the latter case, the 
angle Z is to be previously determined by the help of the transit 
instrument. 
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Tlie division of the scale corresponding to the magnetic axis of the 
bar is to be considered as the zero point, and must be determined 
with great exactness. It is obvious that this point will be given by 
the mean of two readings of the scale, with the magnet in the erect 
and inverted positions, provided that care has been taken to eliminate 
the declination changes which may occur in the interval of the two 
parts of the observation. Tlie obvious method of effecting this eli- 
mination is to determine the amount of the declination change, by 
means of an auxiliary apparatus, and to apply it as a correction to 
the second result. The same thing may, however, be effected by 
taking a series of readings of the declination instrument alone, with 
the bar alternately erect and inverted ; the time chosen for observa- 
tion being one in which the declination changes are small and regu- 
lar, and the readings being made in as rapid succession as possible. 
By comparing each result with the mean of the preceding and suhse^ 
quent, and then taking the mean of all these partial means, a very 
accurate determination may be made. 

As an example of such a determination, we may take the following 
observation, made at the Dublin Magnetical Observatory, August 10, 
1839. The first column of numbers contains the actual readings of 
the scale ; the second the means of the preceding and subsequent 
readings ; and the third the means derived from the combination of 
these last with the intermediate reading. 



I. Reversed 
II. Direct . . 


157-0 
193-2 






Observations interrupted. 


III. Reversed 

IV. Direct . . 
V. Reversed 

VI. Direct , . 
VII. Reversed 


169-6 
182-0 
1680 
182-6 
164-2 


168-8 
182-3 
166-1 


175-4 
175-2 
174-4 



Combining the three means in the last column with the number 
175-1 deduced from I. and II., the final mean is 175*0. 

The following observation, made at the Dublin Observatory, on 
the same day, will illustrate the preceding method of determining 
the absolute declination. 

It must be premised that in this Observatory the transit telescope 
and the theodolite are distinct instruments. The centre of the theo- 
dolite is placed in the meridian line of the transit, and at the point 
where this line is cut by the magnetic meridian of the declination 
instrument ; and the absolute declination is obtained by referring 
the telescope of the theodolite first to the line of collimation of the 
magnet, and then to that of the transit telescope. 

It will be seen from the preceding table that the mean of the read- 

c 
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in^ III. V. VII., in the inverted position of the bar, which position 
in this instrument was the ordinary one, is 167*3; the mean time of 
observation being 1^ 40™ p. m., which corresponds nearly to the 
maximum declination of the day. But it has been already shown 
that the zero point of the scale is 1 75*0 ; and the difFerence, 7*7, mul- 
tiplied into 43"*22 (the angle corresponding to a single division) gives, 
for the deviation of the Ime of collimation of the telescope from the 
magnetic meridian, 

D = - 5' 82"-8, 

The reading off on the limb of the theodolite was 150° 30'. 

The telescope of the theodolite was then directed to the object- 
glass of the transit instrument, and its line of collimation brought 
into the astronomical meridian by making the image of the vertical 
wire coincide with that of the middle wire of the transit. The read- 
ing of the limb was then found to be 358° 15' 50", and subtracting 
180° (the magnet being to the north, and the transit telescope to the 
south of the theodolite,) the true north corresponded to tiie angle 
178° 15' 50" on the limb. The difference between this and the an- 
gle 150° 30', corresponding to the magnetic north, is 

A = 27° 45' 60". 
Hence, as in this case Z = 0, the absolute declination is 

A+D = 27°40'17"-2. 

If, instead of the actual declination at any moment, we desired the 
mean declination of the day or of the month, we should employ (in- 
stead of the actual reading of the scale, 167*3) the corresponding 
mean result. We should thus obtain a new value of D, differing 
from the former by the amount of the declination change. 

In the observatories about to be established by Her Majesty's Go- 
vernment and by the East India Company, the declination changes 
wiU be regularly observed with & fixed telescope, attached to a stone 
pillar, or to a firm pedestal of wood resting on solid masonry un- 
connected with the floor. Here then, instead of referring the tele- 
scope of the theodolite directly to the magnetic meridian by means 
of the moving collimator, the same result will be obtained, and pro^ 
bably in a better manner, by referring it to the line of collimation of 
the fixed telescope. For this purpose it is only necessary to employ 
this telescope as a collimator, the instrument being reversed in its Y 
supports, if necessary. This mode of observation has the advantage 
of connecting the absolute determination directly with the regular 
series of observations ; and it is manifest that it is sufiicient, without 
any other means, to determine whether any, and what changes may 
have occurred in the position of the fixed telescope. 

2. In observing the variations of the declination the fixed telescope 
is alone employed. The observation consists simply in noting the 
point of the scale coinciding with the vertical wire, at three succes- 
sive limits of the arc ot vibration. The three readings being denoted 
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by a, b, c, the mean point of the scale corresponding to the time of 
the middle observation is 

i (a + 2 ft + c). 

This mode of observation is sufficient where the observer is not limited 
to a precise moment of observation. Otherwise the more exact me- 
thod pointed out by Crauss is to be preferred i*. 

The changes of position of the scale may be converted into an- 
gular measure, the angle corresponding to one division being known. 
In general, however, this reduction will only be required in the 
monthly mean results. 

Before the true changes of the declination can be deduced from 
the observed readings, it is necessary to apply a correction depending 
upon the force of torsion of the suspension thread. For supposing 
that the plane of detorsion has been brought (by the adjustments 
above described) to coincide with the mean magnetic meridian, it 
is manifest that on every deviation of the magnet from its mean po- 
sition, the torsion force will be brought into play ; and as this force 
tends to bring back the magnet to the mean position, the appa- 
rent deviations must be less than the true. The ratio of the torsion 
force to the magnetic directive force is experimentally determined 
by turning the moveable arm of the torsion circle through any given 
large angle (for example 90°), and observing the corresponding 
angle through which the magnet is deflected. Let u denote the 
latter angle, and w the former; then the ratio in question is 

F *" tv — u 

in which H is the coefficient of the torsion force, and F the moment 
arising from the action of the earth's magnetic force upon the free 
magnetism of the bar, the direction of the action being supposed to 
be perpendicular to its magnetic axis. The ratio of the two forces 
being thus found, the true declination changes are deduced from the 
apparent, by multiplying them by the coefficient 

1+—. 
^ F 

3. The experiments necessary to determine the absolute intensity 
of terrestrial magnetism are of two kinds, — experiments of deflection 
and experiments of vibration. The former of these give the ratio of 
the horizontal component of the earth's magnetic force to the mo- 
ment of free magnetism of the deflecting bar ; the latter determine 
the product of the same quantities. 

Deflection, — ^The deflecting bar is to be placed at right angles to 
the magnetic meridian, and in the line drawn perpendicularly through 
the centre of the declination bar. Its centre is to be placed at 

I* See Taylor's Sdentific Memoin, voL ii* part v. p« 44. etH^, 

c3 
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two different distances on this line ; and in each position the ob- 
server is to note the angle of deflection produced by its action upon 
the suspended magnet of the declination instrument, the north end 
of the deflecting bar being placed, successively, towards the east and 
towards the west. Half tibe difference of the readings with the north 
end east and west, converted into angular measure, is the deflection 
sought. The experiments are then to be repeated on the other side 
of the suspended magnet, and at the same distances, so that each angle 
of deflection is the mean of four observed results. 

Let r and r' denote the two distances, u and «' the corresponding 
angles of deflection. Also let X denote, as before, the horizontcd 
part of the earth's magnetic force, and m the moment of free mag- 
netism of the deflecting bar. Then the ratio of these quantities is 
given by the following formula : 

m ^ r^^ tan u* — r^ tan u 
X "■ 2 (r'« - r«) * 

The quantity so obtained is to be corrected for the torsion force 
of the suspension thread of the declination magnetometer ; this is 

XJ 

done by multiplying it by the number 1 4- "p"* 

In choosing the distances of the deflecting bar, we should take as 
the smaller that which produces a deflection nearly amounting to the 
entire limit of the scale, provided it be not less than four times the 
length of the bar. The other should be greater than this in the ratio 

of a/3 to 1, nearly. The distances themselves should be measured 
with great accuracy, and expressed in feet and decimals of a foot. 
For the purpose of this measurement, each observatory is furnished 
with a standard scale and a beam compass. 

Vibration, — ^The declination bar being now removed, the deflecting 
bar is to be placed in* a temporary stirrup of silk or wire, and so at- 
tached to the cylinder of the suspension thread. Its time of vibra- 
tion is now to be determined with accuracy, from at least 100 oscil- 
lations. This may be done by placing a fine mark (as a piece of fine 
silver wire) on the front end of the bar, and noting the time of pas- 
sage across the fixed wire of the reading telescope. The telescope 
is for this purpose furnished with an additional object lens, which is 
to be placed over the other, so as to adapt the instrument to near 
distances. 

The time being observed, and the moment of inertia of the bar cal- 
culated, the product of the force of the earth and the moment of free 
magnetism of the bar is given by the formula 

in which t denotes the ratio of the circumference of a circle to its dia- 
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meter, K the moment of inertia, and T the time of vibration. The 
moment of inertia, K, is given by the formula 

K=2liJ!M; 
12 

a and b denoting the length and breadth of the bar, and M its mass. 

In order to correct for the torsion force of the suspension thread, 

the time of vibration deduced from experiment must be multiplied by 



V' 



1 + ; and therefore the square of thf time by 1 -f -^r 

Again, inasmuch as these experiments necessarily occupy a con- 
siderable time, precision requires that we should apply a correction 
for the changes of the intensity which may occur in the course of 
the observation. In other words, we must reduce the observed value 
of m X (at the time of the experiment of vibration) to that which it 
had at tiie time of the experiment of deflection. This may at once 
be done by the aid of the horizontal force magnetometer, inasmuch 
as that instrument gives immediately the changes of m X. In this 
case, however, — that is, when there is a second magnet in the same 
room, — ^the deduced value of X will be (not the earth's magnetic force) 
but the resultant of that force and the force of the second magnet ; 
and both experiment and calculation will be required to deduce the 
former. It is accordingly safer, perhaps, to remove the second magnet 
for the time to another apartment, and to determine the changes of 
the horizontal force by observing the time of vibration of this bar si- 
multaneously with the two parts of the experiment above described. 
Thus, let t be the time of vibration during the experiment of deflec- 
tion ; f the time during the experiment of vibration ; then T' being 
the observed time, the corrected time of the deflecting bar is 

T = T'-^, 

m 



X 



The values of -^ and of m X being known, that of X is at once 

m 
obtained by elimination. Let "v" = A, ml^==B, then it is evi- 
dent that 

The number thus obtained for the force of the earth's magnetism 
expresses the ratio which that force bears to the unit of force, — the 
unit of force being that which, acting on the unit of mass, through 
the unit of time, generates in it the unit of velocity. These units 
are entirely arbitrary ; but for the sake of convenience in comparison, 
it is desirable that they should be the same in all the observations 
which shall be made according to this system. For the unit of mass, 
then, we may take a grain ; for the unit of time a second ; and, if a/oof 
be taken as the unit of space, the unit of velocity will be that of one 
foot per second. 
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As the magnetic force operates effectively only on the free ot nn- 
combined elements of the magnetic fluid* we are to understand by 
the earth's magnetic force, its action on the elementary unit of free 
magnetism ; and we must take for that unit the quantity of free mag- 
netism, which acting on another equal quantity at the unit of distance, 
exerts an effect equal to the unit of force already d^oied. 

The following example, taken from Ghtuss's memoir, ' Intensitas 
vis Terrestris ad mensuram dbsolutam revocata* will serve to illustrate 
the preceding rules. 

ITie experiments were made in two apparatuses, denoted by the 
letters A and B, and with three bars, distinguished by the numbers 
1, 2, 3. 

In the first place, the oscillations of bar 1 in the apparatus A, and 
of bar 2 in the apparatus B, were simultaneously observed. The time 
of a single oscillation, reduced to infinitely small arcs, was found to be 

for bar 1 15«-22450, 

for bar 2 17 -29995; 

the former being deduced from 305 oscillations, the latter from 264. 
The times were observed with a chronometer, whose daily rate was 
— 14»-24. 

Bar 3 being then suspended in the apparatus A, bar 1 was placed 
in the right line perpendicular to the magnetic meridian, both on the 
east and west side of the suspended bar (and in both cases with the 
north end east and west successively), and the deflection of bar 3 
was observed in each position of bar 1. These experiments were re* 
peated for two different distances, r, and with the following values 
of the deflection, u : 

r = 1-2 metres, u = 8*^42' 19"-4 ; 
r'r=l-6 „ «'== 1 34 19 '3. 

During these experiments the oscillations of bar 2 were observed 
in the apparatus B. The time of a single oscillation, deduced from 
414 oscillations, and corresponding to die mean time of the experi- 
ments of deflection, was 17"'29484. 

H 1 

The values of -p-, for bars 1 and 3, were found to be eq^ and 

HOT.g respectively. The moment of inertia of bar 1 was 

K = 4328732400, 

taking a millimetre and a milligramme as the units of distance and 
mass. 

Now, to calculate the results of these experiments : — the inequality 
of the times of oscillation of bar 2 proves that a slight variation of 
the terrestrial magnetic intensity had taken place in the interval of 
the two parts of the observation. Accordingly, we have to reduce 
the observed time of oscillation of bar 1, to that corresponding to 
the mean state of the magnetic intensity during the second part of 
the observation. This time requires also a second reduction for the 
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chronometer's rate, and a third for the torsion of the thread. The 
reduced time is thus 



T= 15-22450 X 



17:29484 86400 /^JS:±^l^^2Z5S0. 
17-29995 ^ 86385-76 ^ V 59Fi 



.-.mX = ^^= 179770600 = B. 



From the observed deflections we obtain 
m r'* tan u' — r* tan u 

X "*"*" 



^ 66528100 ; 



2 (r'a - r«) 

the millimetre being taken as the unit of distance ; and correcting 
this quantity for the torsion of the thread, by multipljring it by the 

^ . ^ , ^ H / 722-6X 
coefficient 1 + ^1=721^)' 



m 



^ = 56606437= A. 



Accordingly, 

X=./B= /I79770600^^.y3^33^ 
V A V 56606437 



The following Table contains the arc values of one division of the 
scale in each instrument, expressed in decimals of a minute. 

Tabus I. 



Bedgnatioii 

of 
Instrument. 


Obsenratory. 


Arc value of 
One dmsion. 


I. 


H.M.S. Erebus . . • • 


6-7267 


II. 


Van Diemen's Land 


0-7085 


III. 


Montreal. . / 


0-7208 


IV. 
V. 


Cape of Good Hope 
St. Helena 


0-7525 
0-7108 


A. 
B. 


Simla 


0-6760 
0-6746 


Madras 


C. 

H. 


Singapore ........ 

H.M.S. Terror 

'^ 


0-6786 
0-6786 



HORIZONTAL FOBCB MAGNETOMBTEB. 

The instrument employed in determining the horizontal compo- 
nent oi the earth's magnetic force is simHar, in principle, to the 
"bifilar magnetometer" of M. Gauss. It is a magnet bar, suspended 
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by two equidistant wires, or (more accurately) by two portions of the 
same wire, the distance of whose bearing points is the same above 
and below ; by the rotation of the upper extremities of the wire 
round their middle point, the magnet is maintained in a position at 
right angles to the magnetic meridian. 

It is manifest from the nature of this suspension, that the weight 
of the suspended body will tend to bring it into the position in which 
the two portions of the wire are in the same plane throughout. The 
moment of the directive force is G sin t; ; — v denoting the angle 
formed by the lines joining the bearing points above and below, or 
the deviation from the plane of detorsion ; and G being expressed by 
the formula 

in which W denotes the weight of the suspended body, a half the in- 
terval of the wires, and / their length. The earth's magnetic-force, on 
the other hand, tends to bring the magnetic axis of the bar into the 
magnetic meridian, with the force F sin u ; in which u is the deviation 
of tiie magnetic axis from the meridian, and F is the product of the 
horizontal part of the earth's magnetic force into the moment of free 
magnetism of the bar. The magnet being thus acted on by two 
forces, will rest in the position in which their moments are equal. 
When the instrument is so adjusted that u = 90^, or the magnet at 
right angles to the magnetic meridian, 

F = G sin v ; 

and the ratio of the forces is known, when we know the angle v. 
But as one of these forces is constant, and the other variable, it is 
evident that the place of the magnet will vary around its mean po- 
sition, and that the variations of angle are connected with the varia- 
tions of the force. This connexion is expressed by the formula 

AF 

-=r- = — cotan V A tt ; 
F 

the angle A u being expressed in parts of radius. 

Construction. — ^The magnet bar is of the same dimensions as that of 
the declination instrument. The collimator, by which its changes 
of position are observed, is attached to the stirrup, and has a motion 
in azimuth *. The suspending wire passes round a small grooved 
wheel, on the axis of which the stirrup rests by inverted Y's ; and 
the instrument is furnished with a series of such wheels, whose dia- 
meters increase in arithmetical progression, (the common difference 
being about |f\yth of an inch,) for the purpose of varying the interval 
of the wires. The exact intervals, corresponding to each separate 

* The horizontal force magnetometers belonging to H. M. ships Erebus and 
Terror are provided with a mirror attached to the stirmp of the magnet, and two 
9cale9t similar to those of the declination magnetometer. The mirror has a move- 
ment in azimuth, in the same manner as the collimator vi^ch it replaces. 
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wheel> have been determined by the artist by accurate micrometrical 
measurements; they are given in Tables III. and IV. in p. 30. The 
same interval is altered, at the upper extremity, by means of two 
screws (one right-handed and the other left-handed) cut in the same 
cylinder ; the wires being lodged in the intervals of the threads, and 
their distance reg^ated by a micrometer head. The interval of the 
threads of this screw (which is precisely the same for all the instru- 
ments) is -T^ths^ or '02597 of an inch. The micrometer head is di- 
vided into 100 parts; and, as one revolution of the head corresponds 
to two threads of the screw, a single division is equivalent to *0005 1 94, 
or the 77^th of an inch nearly. The micrometer head has been 
carefully adjusted by the artist, so that the index is at zero, when 
the interval of the wires is exactly half an inch. 

The collimator, in this instrument, is inclosed in a light tube 
attached to the stirrup. The aperture of the lens is about -^ths of 
an inch, and its focal length about 8 inches. Tlie divisions of the 
scale are the same as in the collimator of the declination magneto- 
meter ; the corresponding arc values have been ascertained for each 
instrument by accurate experiment, and are given in Table II. p. 30. 

The larger parts of this apparatus, — the box, the framework, and 
the support, — are precisely similar to those of the declination mag- 
netometer. In addition to the parts already described, the instrument 
is furnished with a spare magnet ; a brass weight, required in deter- 
mining the plane of detorsion of the wires relatively to the magnetic 
meridian ; a thermometer, the bulb of which is within the box, for the 
purpose of ascertaining the interior temperature ; and a copper ring 
used in checking the vibrations. 

Adjustments. -^^The instrument being placed on its support, the 
base is to be levelled, and the whole apparatus fixed. Having then 
selected one of the small grooved wheels, and fixed it, temporarily, 
with its axis horizontal, the wire is to be passed round it ; and the 
free extremities of the wire being passed through the corresponding 
holes in the suspension roller, placed beneath, weights are to be 
attached, and the two portions of the wire allowed to assume their 
natural position ; the extremities may then he fastened to the roller, by 
introducing small wooden plugs in the holes. The parts are then to 
be inverted, and put in their proper places ; the suspension apparatus 
resting on the divided circle, and the wire hanging down the tube. 

The collimator (its scale having been previously adjusted to- focus*) 
is to be screwed on to the stirrup, and the latter attached to the axis 
of the grooved wheel by means of its Y's. The magnet is then in- 
troduced into the stirrup, and levelled ; and the wires wound upon 
the roller, until the collimator is at the desired height. 

These preparations being made, the adjustments are the following: 

1. Determine experimentally the angle through which it is neces- 
sary to turn the moveable arm of the torsion circle, in order to deflect 
the magnet from the magnetic meridian to a position at right angles 

* This acljustmeut has been already made by the artist. 
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• 
to it, the two positioiiB bdng merely aUmated. The coone of this 
ang^ is, approximatelj, the ntio of the magnetic force to the tor- 

non force, or the Tahie of the fractioii — . Tlie nearer this ratio is 

to unity* tiie more delicate will he the instrament; practically, -^ 
win he found a convenient Taloe. If, on maling the foregoing ex- 
periment, the ratio should he found to fidl helow, or to exceed the 
proper limits, the torsion force must he altered by introducing a dif- 
ferent ^dieel, and making the co r re sp o n ding alteration in the inter- 
val of the upper extremities of ^e wires. 

2. The magnetic axis heing brought, i^praximately, into the mag- 
netic meridian, by turning the moveahLe arm of ^e torsion circle, 
the collimator is to be turned, by its independent motion, until some 
point about the middle ai the scale cMucides with the vertical wire 
of the fixed telescope. This point oi the scale is to he noted in the 
usual manner. 

3. The magnet is then to he removed, and the brass weight at- 
tached. Note the new point of the scale which coincides with the 
wire of the telescope. Then, if the magnet had been placed (m the 
previous experiment) in its tUrect position (^ e. north to north) the 
error of the plane of detorsion is 



(^+0 



t^. 



v' being tlie di£Ference of the two readings, converted into angular 
measure. If, on the other hand, the magnet had been reversed (i. e. 
north end to south) the error is 



(1-0 



The moveable arm of the torsion circle is then to be turned through 
this angle, in the opposite direction ; and the magnetic axis will be 
in the magnetic meridian. 

The difference of the two readings, corresponding to a given error, 
being much greater in the reversed than in the direct position of the 
magnet, it follows that the former affords a much more delicate me- 
thod of making the desired adjustment. 

4. The brass weight remaining attached, turn the moveable arm 
of the torsion circle through 90^. Then turn back the collimator, 
until some point about the middle of the scale coincides with the 
vertical wire of the fixed telescope ; and note the reading. 

6. Now remove the brass weight, and replace the magnet. The 
magnetic force of the earth will bring it back towards the magnetic 
meridian, and the scale will be thrown out of the field of the tele- 
scope. Then turn the moveable arm of the torsion circle, until the 
point of the scale last noted is brought to coincide again with the 
wire of the telescope ; the magnetic axis is then in the plane per- 
pendicular to the magnetic meridian, and the adjustment is complete. 

The following adjustment, made at the Dublm Magnetical Obser- 
vatory, will serve to exemplify the foregoing description. 



27 

August 14. — Having attached the wire in the manner described, 
the wheel No. 5, whose diameter = 0*4607 of an inch, was introduced, 
and the stirrup and weight appended. The upper extremities of the 
wire haying been adjusted to ihe interval of half an inch (the zero 
point) by means of the micrometer, the correction to be made in the 
upper interval was, in parts of an inch, 

0-4607 - 0-5000 = - 0-0393 ; 

and dividing tiiis number by -0005194, the fraction of an inch corre- 
sponding to a single dwision of the micrometer head, the resulting 
number, 76, expresses the number of divisions through which the 
micrometer head was to be turned backward, so as to equalize the 
interval of the wires at top and bottom. The micrometer was 
accordingly turned back from 100 (or zero) to the division num- 
bered 24. 

1. The magnet being now introduced into the stirrupi and the 
weight removed, it was found necessary to turn the moveable arm of 
the torsion circle through 151^ 30', in order to deflect the magnet 
from the magnetic meridian to a position at right angles to it, the 
two positions being known only approximately. Hence the ap- 
proximate value of the ratio of the forces was 

-g. = 008(151° 30*) ='88. 

2. The moveable arm of the torsion circle was then turned, until 
the magnetic axis was, approximately, in the magnetic meridian : 
and the reading of the torsion circle was found to be 260° 10'. The 
collimator was then turned, by its independent motion, until the 
division coinciding with the vertical wire of the fixed telescope was 
about the middle of the scale. The coinciding division was 140. 

3. The magnet was now removed, and the brass weight attached ; 
and the new coinciding division was observed to be 118. The dif- 
ference of the two readings is 22, and multiplying 1^*0776 (the arc 
value of a single division) by this difference, the angle v' = 24'. 
Consequently (the magnet having been placed in the direct position) 
the error of the plane of detorsion was 

Subsequent trials, however, showed that the error here deduced 
was greater than the truth ; and that the two readings of the scale 
agreed, when the reading of the torsion circle was 260° 32'. 

4. The brass weight being attached, the moveable arm of the 
torsion circle was turned through 90 degrees, so that its reading was 
350° 32'. The coUimator was then turned back, by its independent 
motion, until the coinciding division was about the middle of the 
scale. The reading of the scale was 134. 

5. The brass weight was then removed, and the magnet replaced ; 
the scale was consequently thrown out of the field of the telescope. 
The moveable arm of the torsion circle was turned further, in the 
same direction aa before, until the division of the scale last noted. 



= 51' 
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134, again coincided with the wire of the telescope. The magnetic 
axis was then perpendicular to the magnetic meridian, and the ad- 
justment was complete. 

The reading of the torsion circle, after this step of the adjustment, 
was found to he 5 P 2' ; and consequently 

V = 600 3(y, and ^ = sin V = -8704. 

Observations, — ^The ohservations to be made with this instrument 
are those of the absolute value of the horizontal intensity, and its 
changes. 

From the explanation of the principle of the instrument, given 
above, it is manifest that it will serve to determine the moment of 
the force exerted by the earth upon the free magnetism of the sus- 
pended bar. Let X denote (as before) the horizontal part of the 
earth's magnetic force ; m the moment of free magnetism of the bar; 
then 

mX = F, 

F having the same meaning as before (page 24). Hence, substi- 
tuting the values of F and G, we have 

i»X = W— sinr; ' 

in which equation all the quantities of the second member may be ob- 
tained by direct measurement. The chief difficulty in this method 
consists in the determination of the quantity a, which should be known 
to a very small fractional part of its actual value. This difficulty 
has been overcome by the measuring apparatus connected with the 
suspension, which (as has been already stated) serves to determine 
the interval of the wires, at their upper extremity, to the jp\)o th of 
an inch. The numbers given in Tables III. and IV. (p. 30) for the 
lower interval, may be relied on to the same degree of accuracy. It 
is scarcely necessary to mention that the length of the wires, /, is to 
be measured between the points of contact above and below. 

The product of the earth's magnetic force into the magnetic mo- 
ment of the bar being thus known, the ratio of the same quantities 
is to be determined by removing the bar from its stirrup, and using 
it to deflect the suspended bar of the declination instrument, accord- 
ing to the known method devised by Gauss. The experiments of 
deflection may, however, be performed without the aid of the second 
magnetometer, by operating upon another bar placed in the reverse 
position. This method has even the advantage in point of delicacy; 
but it labours under the disadvantage of requiring that the value of 

F 

--- should be determined for the second bar. 

G 

The chief use of this apparatus is in observing the variations of 
the intensity. In these observations it is only necessary to note, at 
any moment, the point of the scale coinciding with the vertical wire 
of the fixed telescope, the mode of observing being precisely the 
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same as in the other instrument. Let n be the number of divisions, 
and parts of a division, by which the reading at any moment differs 
from its mean value ; then the corresponding variation of the angle 
(in parts of radius) is 

All = na; 

a denoting the arc value (in parts of radius) corresponding to a single 
division. Substituting this in the formula of page 24, and making 

k ss a cotan v, 
we have 

F 

The values of a have been determined for each of the instruments 
and are given in Table II. p. 30. 

Thus, in the instrument in use in the Dublin Observatory, the 
angle corresponding to a single division of the scale = 1''0776, 
so that a = '0003135. And since, in the adjustment of this instru- 
ment it was found that t; = 60^^ SCK, we have 

it = -0003135 X cotan (60^ 30') = -0001774. 

The quantity F, in the preceding formula, is the product of the 
earth's magnetic force into the moment of free magnetism of the bar; 
and, as the latter quantity varies with the temperature, it is neces- 
sary to apply a correction, before we can infer the true changes of 
the earth's force. This correction is easily deduced. Since F = X m, 
there is 

AF_. AX Am. 

F X "^ m ' 
so that the correction required is r, Let t denote the tempe- 

rature, in degrees of Fahrenheit ; q the relative change of the mag- 
netic moment corresponding to one degree ; then 

-^ = ,0-32). 
fn 

Accordingly, the changes of the earth's force will be expressed by 
the formula 

^ = -*n-h^(f-32). 

It is not necessary that these reductions should be applied to the 
individual results, except in cases of marked change, where it is de- 
sired to trace the progress of the actual phenomena. The results 
should be recorded as they are observed, in parts of the scale ; and 
the reductions made in the monthly, or other mean values. 



The following Table contains the arc values of one division of the 
scale, in each instrument, expressed in decimals of a minute ; as also 
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the same quantities reduced to radius, as the unit, by multiplying by 
the number *0002909. 

Table II. 



Designation 

of 
Inttnuneni. 


Obserratory. 


Arc yalues of one division. 


In Minutes. 


In parts of Radius. 


I. 

II. 

III. 

IV. 

V. 

A. 

B. 

C. 

H. 


H.M.S. Erebus 

Van Diemen's Land 

Montreal 

Cape of Good Hope 

St. Helena 

Simla 

Madras 


1-075 
1080 
1-074 
1-084 
1-080 
1-086 
1-079 
1-078 
1-076 


•0003127 
•0003142 
•0003124 
•0003153 
•0003142 
•0003169 
•0003139 
•0003186 
•0003131 


Singapore 

H.M.S. Terror 



The following Tables contain the intervals of the axes of the 
wires corresponding to each wheel, in decimals of an inch ; the wire 
used being that designated in commerce as " silver, fine 6." 

Table III. 



No. of 
Wheel. 



1 
2 
3 

4 
5 
6 

7 
8 



I. 
H.M.S. 
Erebus. 



-2536 
•3032 
•3529 
•4058 
•4562 
-5055 
•5555 
•6071 



II. 


III. 


Van Diemen's 


Montreal. 


Land. 




•2549 


•2529 


•3058 


-3055 


•3516 


•3529 


•4088 


-4078 


-4555 


•4581 


•6071 


-6042 


•5604 


•5588 


•6071 


•6071 



IV. 

Cape of Good 

Hope. 



2642 
•3055 
•3497 
-4052 
•4555 
•5055 
•5565 
•6097 



V. 

St. Helena. 



2536 
•3065 
•3513 
•4071 
•4545 
•5058 
•5591 
'6081 



TABtE IV. 



No. of 


A. 


B. 


C. 


H. 


Whed. 


Simla. 


Madras. 


Singapore. 


H.M.S. Tenor. 


7 


-3614 


-3643 


•3598 


•3637 


8 


•4153 


•4159 


'4124 


-4146 


9 


•4620 


-4643 


-4663 


•4640 


10 


•5182 


-5146 


•5182 


•5156 


11 


•5663 


•5659 


•5666 


•5672 


12 


•6153 


•6111 


-6120 


•6148 
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VBBTICAL FORCB MAGNBTOMXTB&. 

The instrument used in determining the changes of the vertical 
component of the magnetic force is a magnetic needle resting on 
agate planes, by knife-edges, and brought to the horizontal position 
by weights. From the changes of position of such a needle, the 
changes of the vertical force may be inferred, when we know the 
mean inclination at the place of observation, and the times of vibra- 
tion of the needle in the vertical and in the horizontal planes. For 
it may be shown that 

AF T'* 

^pT- = 55- co*an e i^ ij ; 

where A 17 denotes the change of the angle in parts of radius, the 
inclination, and T and T' the times of vibration of the needle in the 
vertical and horizontal planes respectively. 

Construction. — The magnetic needle is 12 inches in length. It 
has a cross of wires at each extremity, attached by means of a small 
ring of copper; the interval of the crosses being 13 inches. The 
axis of the needle is formed into a knife edge, the edge being ad- 
justed to pass as nearly as possible through the centre of gravity 
of the unloaded instrument. The weights by which the other ad« 
justments are effected are small brass screws moving in fixed nuts, 
one on each arm ; the axis of one of the screws being parallel to 
the magnetic axis of the needle, and that of the other perpendicular 
to it. 

The agate planes upon which the needle rests are attached to a 
solid support of copper, which is firmly fixed to a massive marble 
base. In this support tibere is a provision for raising the needle off 
the planes, the contrivance for effecting this object being similar to 
that employed in the inclination instrument. The whole is covered 
with an oblong box of mahogany, in one side of which are two small 
glazed apertures, for the purpose of reading ; the opposite side of 
the box is covered with plate glass. A thermometer, within the 
box, shows the temperature of the interior air ; and a spirit level, 
attached to the marble base, serves to indicate any change of level 
which may occur in the instrument. 

The position of the needle at any instant is observed by means of 
two micrometer microscopes, one opposite each end. These micro- 
scopes are supported on short pillars of copper, attached to the 
base of the instrument. They are so adjusted that one complete 
revolution of the micrometer screw corresponds to about 5 minutes 
of arc. The micrometer head is divided into 50 parts ; and, con- 
sequently, the arc corresponding to a single division is about 0'*1. 

In addition to these parts, the apparatus is provided with a brass 
bar of the same length as the magnet, (furnished, like it, with cross 
wires at the extremities, and knife-edge bearings,) for the purpose of 
determining the zero points of the micrometers ; a brass scale, divided 
to 10', used in ascertaining the value of the micrometer divisions ; 
and a horizontal needle, to be employed in determining the azimuth 
of the vertical plane in which the needle moves. 
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Adjustments, — ^The following are the adjustments required in this 
instrument : 

1 . The instrument being placed on its support, in a suitable posi- 
tion with respect to the other two instruments, the azimuth of the 
plane in which the needle is to move may be adjusted in the follow- 
ing manner. The plane is made to coincide, in the first instance, 
with the magnetic meridian, by means of the horizontal needle which 
moves upon a pivot fixed to the top of the scale. A small theodolite 
(or other instrument for measuring horizontal angles) is then placed 
on the base ; and its telescope brought to bear on a distant mark. 
The telescope should then be moved through a horizontal angle equal 
to the intended azimuth of the instrument, but in an opposite direc- 
tion. The base of the instrument is next to be turned, without dis- 
turbing the theodolite, until the mark is again bisected by the wire 
of the telescope: it is then in the required azimuth. The base 
should then be levelled, and permanently fixed. 

2. The fijped wires of the microscopes are then to be adjusted to 
the same horizontal line. This is effected by means of the brass 
needle. This needle being placed upon the agate planes, by its 
knife-edges, and allowed to come to rest, it is manifest that the line 
joining the cross wires will be horizontal, provided it be perpendi- 
cular to the line joining the centre of gravity and the axis. To 
effect this latter adjustment, the needle (a great part of whose weight 
is disposed below the knife-edge) is furnished also with a small 
moveable weight. The test of the adjustment is similar to that of 
the corresponding adjustment of the ordinary balance. The move- 
able wire of one of the microscopes being brought to bisect the 
cross, if the adjustment is complete, it will bisect the cross at the 
other extremity upon reversal ; if not, the position of the needle will 
indicate in what manner the weight is to be moved. 

A horizontal line being thus obtained, the fixed wires of the micro- 
scopes are to be adjusted to it, by moving the capstan-headed screws 
with which they are connected. 

3. The last adjustment is that of the magnetic needle to the hori- 
zontal position. To effect this adjustment the needle is furnished 
with two moving weights, one on each arm. These weights (it 
has been already stated) are screws moving in fixed nuts, one in a 
direction paralld to the magnetic axis of the needle, and the other 
in a direction at right angles to it. By the movement of the former 
the needle is brought to the horizontal position ; and by that of the 
latter, the centre of gravity is made to approach the centre of mor 
tion, and the sensibility of the instrument thereby augmented. 

It is manifest that the line joining the two crosses at the end of the 
needle will, in general, deviate from the magnetic axis. The amount 
of this deviation may be ascertained (before the instrument is per- 
manently fixed) by reversing the needle on its supports, the plane 
of the instrument being perpendicular to the magnetic meridian. Half 
the difference of the readings, in the two positions, will be the de- 
viation sought. 

Observations, ^^In observing the variations of the vertical force 
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with this instrument, it is only necessary to bring the moveable wire 
of each micrometer to bisect the opposition cross of the needle. 
The interval between the fixed and moveable wires, expressed in 
angular measure, is the deviation of the needle from the horizontal 
position; and the changes of the vertical force are thence obtained 
by multiplying by a constant coeiEcient. 

If n denote the number of divisions, of the micrometer head, cor- 
responding to the interval of the wires, 

A ij = n a, 

a denoting the angle (in parts of radius) corresponding to a single 
division. Consequently, the changes of the force are expressed 
(as in the case of the other component) by the formula 

in which the constant coefficient is 

k = a cotan d . ---. 

'£9, 

The quantity F in the preceding formula is the product of the 
vertical component of the earth's magnetic force multiplied by the 
moment of free magnetism of the needle ; or 

F = mY. 

accordingly the results thus deduced require a correction for the 
effects of temperature upon the quantity m. This correction is 
similar to that applied to the horizontal intensity, and the cor- 
rected expression of the changes of the vertical component is con- 
sequently 

where t denotes the actual temperature (in degrees of Fahrenheit) at 
the time of observation, and q the relative change of the magnetic 
moment of the needle corresponding to one degree. As in the case 
of the other instruments, however, it is not in general necessary to 
apply these reductions to the individual results. 

TIMES OF OBSERVATION. 

The objects of inquiry in Terrestrial Magnetism may be naturally 
classed under two heads, according as they relate, 1 . to the absolute 
values of the magnetic elements at a given epoch, or their mean va- 
lues for a given period ; or 2. to the variations which these elements 
undergo from one epoch to another. It will be convenient to con- 
sider separately the observations relating to these two branches of 
the subject. 

Absolute Determinations, 

By the method of observation which has been suggested for the 
absolute declination, every determination of the position of the decli- 
nation bar is rendered absolute. We have only to consider the va- 
rying angle between the magnetic axis of the bar and the line of col- 
limation of the fixed telescope, as a correction to be applied to the 
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constant angle (already determined) between the latter line and the 
meridian. It is manifest that if the fixity of the line of collimation 
of the telescope could be depended on, a single determination of the 
latter angle would be sufficient. But this is not to be trusted for 
any considerable period ; and it will be therefore necessary, from 
time to time, to refer the line of collimation of the telescope to the 
meridian, in the manner already explained. This observation may 
be repeated once a month, or more frequently if any change in the 
position of the telescope be suspected. 

In the case of the intensity, there is another source of error (be- 
side that due to a change in the position of the instruments) which 
can only be guarded against by a repetition of absolute measure- 
ments. The magnetic moment of the magnet itself may alter ; and 
the observations of intensity changes aiFord no means of separating 
this portion of the effect from that due to a change in the earth's 
magnetism. This separation can only be effected by means analo- 
gous to those employed in the determination of the absolute value of 
the horizontal intensity ; and accordingly one or other (or both) of 
the methods proposed for this determination should be occasionally 
resorted to. It is desirable that this observation should be repeated 
once in every month ; and more frequently, whenever the changes ob- 
served with the horizontal force magnetometer indicate, by their 
progressive character, a change in the magnetic moment of the sus- 
pended bar. 

It would be easy, in theory, to devise a method by which the ver- 
tical force magnetometer might be made to serve in determining the 
absolute value of the verticsd intensity. The means which at pre- 
sent offer themselves appear, however, to be surrounded with prac- 
tical difficulties ; and it seems safer to deduce this result indirectly. 
From the formulae given in page 13, we have 

Y = Xtan0; 

BO that if the inclination, 0, be knovm, and the horizontal intensity, X, 
determined in absolute measure, the vertical intensity, Y, is inferred. 
For the purpose of observing the element Q, each observatory is 
furnished with an inclination instrument. The observation should 
be made in an open space, sufficiently remote from the magnets of 
the observatory, and from other disturbing influences ; and a series 
of measures should be taken simultaneously with the two intensity 
magnetometers, for the purpose of eliminating the changes of the in^ 
clination which may occur in the. course of tibe observation. As to 
the mode of observation, the best seems to be the usual one, the plane 
of the circle coinciding with the magnetic meridian ; but for the pur- 
pose of testing the axles of the needles, and the limb of the instru- 
ment, it is desirable that a series of observations should be made in 
various azimuths, — for example, every 30° of the azimuth circle com- 
mencing with the magnetic meridian. The inclination is then in- 
ferred, from each pair of corresponding results, by the formula 

cotan^ 6 = cotan* ij + cotan^ ij' ; 

^ and i/ being, the observed angles of inclination in two planes at right 
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angles to one another. Where the inclination is great (as in Ca« 
nada), this method will serve to test only a limited portion of the 
circttmference of the axle and Umb. In this case the best course 
appears to be that pointed out by Major Sabine*, namely, to con- 
vert one of the needles, temporanly, into a needle on Mayer's pTin« 
ciple, by loading it with sealing-wax ; and to deduce the inclination, 
from the angles of position of the loaded needle, by the known for^ 
mula of Mayer. The observations here suggested having been very 
carefully made, and the inclination changes eliminated in the manner 
above explained, the observed difference between the mean and the 
result obtained in the magnetic meridian, should be applied as a cor- 
rection for the errors of axle and limb, to all future observations made 
in the meridian. 

These observations should be made at the same periods as those of 
the absolute horizontal intensity. 

Variation of the Elements. 

The vafiations of the magnetic elements are, 1. Those variations 
whose amount is a function of the hour angle of the sun, or of his 
longitude; and which return to their original values at the same 
hour in successive days, or the same season in successive years. 
These, from their ansdogy to the corresponding planetary inequal- 
ities, may be denominated j9mo(/tca/. 2. The variations, which are 
either continually progressive, or else return to their former values 
in long and unknown periods ; these may in like manner be deno- 
minated secular, 3 . The irregular variations, whose amount changes 
from one moment to another, and which observe (apparently) no law. 

The periodical variations (with the exception of those of the decli* 
nation) have hitherto been little studied ; and, even in the case of 
the single element just mentioned, the results have scarcely gone 
beyond a general indication of the hours of maxima and minima, 
and of the changes of their amount with the season. The subject 
is nevertheless of the highest importance in a theoretical point of 
view. The phenomena depend, it is manifest, on the action of solar 
heat, operating probably through the medium of thermo-electric cur- 
rents induced on the earth's surface. Beyond this rude guess, 
however, nothing is as yet known of the physical cause. It is even 
still a matter of speculation whether the solar influence be a jpnn- 
cipal, or only a subordinate cause, in the phenomena of terrestrial 
magnetism. In the former case, the periodical changes are to be 
regarded as the effect only of the variations of that influence ; in 
the latter, they must be considered as its entire result, the action in 
this case only serving to modify the phenomena due to some more 
potent cause. It may be fairly hoped that a diligent study of this 
class of phenomena will not only illustrate this and other doubtful 
points in the physical foundation of the science ; but also, whenever 
that physical cause shall come to be fully known, and be made the 
basis of a mathematical theory, the results obtained will serve to give 
to the latter a numerical expression, and to test its truth. Eveu 

"^ Reports of the Brituh Associstioiiy voL vii. p. 5$, 
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the knowledge of the empirical laws of the hourly and monthly fluc- 
tuations must prove a considerable accession to science ; and (as one 
of its more obvious applications) will enable the observer to reduce 
his results, as far as this class of changes is concerned, to their 
mean values. 

For the complete determination of the hourly and monthly changes 
of the magnetic elements, a persevering and laborious system of ob- 
servation is requisite. The irregular changes are so frequent, and 
often so considerable, as (partially at least) to mask the regular ; 
and the observations must be long continued at the same hours, be- 
fore we can be assured that the irregularities do not sensibly affect 
the mean results. Again, in a theoretical point of view, the noc- 
turnal branch of the curves by which the periodical changes are re- 
presented is quite as important as the diurnal ; and it is manifest 
that nothing can be done towards its determination without the 
cooperation of a number of observers. At each of the Observato- 
ries about to be founded by Her Majesty's Government and by the 
East India Company, there will be three assistant observers placed 
under the command of the Director ; and it is intended that the ob- 
servations shall be taken every two hours throughout the twenty-four. 
In order that this series of observations, which is especially destined 
for the determination of the periodical changes, may at the same 
time cast some light upon the irregular movements, it is proposed 
that they shall be simultaneous at sdl the observatories, llie hours 
which have been agreed upon are the even hours (0, 2, 4, 6, &c.) 
Gdttingen mean time. It is likewise intended that one observation of 
the twelve shall be a triple observation, the position of the magnets 
being noted according to an arrangement which will be hereafter 
explained. The time of this triple observation will be 2 p.m., Gdt- 
tingen mean time. 

The barometer, and the wet and dry thermometers, will be regis- 
tered at each of the twelve magnetic hours. 

No observation will be taken on Sunday. 

No distinct series of observations is required for the determination 
of the secular variations. In the case of the declination, the yearly 
change will be obtained by a comparison of the monthly mean re- 
sults (for the same month and same hour) in successive years. The 
observations of two years only will thus furnish 144 separate results, 
from which both the periodical and the irregular changes are elimi- 
nated ; so that great precision may be expected in the final result, 
notwithstanding the limited period of observation. The same mode 
of reduction will apply to the two components of the intensity, pro- 
vided that no change shall have taken place in the magnetic moment 
of the bars employed. In the latter event, recourse must be had to 
the absolute determinations for a knowledge of the secular changes. 

The subject of the irregular movements has acquired a prominent, 
and almost absorbing interest, from the recent discoveries of Gauss. 
It has been ascertained that the resultant direction of the forces, by 
which the horizontal needle is actuated at a given place, is incessantly 
varying, the oscillations being sometimes small, sometimes very con- 
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siderable ;— that similar fluctuations occur at the most distant parta 
of the earth's surface, at which corresponding observations have been 
as yet made ;— and that the instant of their occurrence is the same 
everywhere. The intensity of the horizontal force has been found 
subject to analogous perturbations. 

For the full elucidation of the laws of these interesting pheno- 
mena, it is of the first importance that the stations of observation 
should be separated as widely as possible over the earth's surface, 
and that their positions should be chosen near the points of maxima 
and minima of the magnetic elements. This has been in a great mea- 
sure accomplished as regards the observatories about to be founded 
by Her Majesty's Government and by the East India Company. 
The stations are wide asunder in geographical position, and they 
are in the neighbourhood of points of prominent interest in reference 
to the isodynamic and isoclinal Hues. The results of observation at 
these stations will soon testify whether the shocks to which the mag-> 
netic needle is subject, are of a local or of a universal character as 
regards the globe ; and in either event we may expect that they will 
furnish information of great value (in reference to a physical cause) 
as to the magnitude of the phenomena in different places, and the 
elements on which it depends. 

In the observations destined to illustrate this class of phenomena, 
it is proposed to follow the plan laid down by Gauss, as nearly as the 
proposed extension of that plan will permit. The Gottingen terms'*^ 
will be observed as agreed on by the German Magnetic Association; 
but in place of confining them to four in the year, as at present, 
they will be extended to twelve. 

The four terms at present agreed upon by the German Magnetic 
Association occur in the months of February, May, August, and 
November, and commence on the Friday preceding the last Saturday 
of the month, at 10 p.m. Gdttingen mean time. It is proposed 
that the eight additional terms shall be held on the Wednesday 
nearest the 21 st of the eight remaining months ; the hour of com- 
mencement being the same as before. Thus, in the course of the 
next three years, there will be thirty-six terms of simultaneous ob- 
servation. The days of commencement of these terms are given in 
the subjoined table. The hour of commencement will be, in all 
cases, 10 p.m. Gdttingen mean time. 

In these terms the declination magnetometer will be observed at 
intervals of five minutes, the corresponding moments of observation 
being the full minutes, 0, 5, 10, 15, &c. Gottingen mean time. 
Each of the force magnetometers will be observed at intervals of 
ten minutes ; the epochs of observation of the horizontal force mag- 
netometer being 2™ 30», 12° 30», 22° 30*, &c., and those of the 
vertical force magnetometer 7° 30", 17° 30», 27° 30», &c. Got- 
tingen mean time. By this arrangement an observation will be 
taken every 24 minutes, and the observer will have sufficient time 
between the observations to transfer his attention from one instru- 
ment to the next without embarrassment or confusion. 

* For the details of the arrangements of the '* term observations** see the traxu- 
lation of Gauss's memoir in Taylor's Scientific MemoirSi vol. iL part v. 



98 



Days of commencement of the tenns of simultaneottfi obsenration, 

during the years 1840, 1841, and 1842. 



Month. 



January 

February .... 

March 

April 

May 

June 

July 

August. .... 
September . . . 

October 

November . , . 
December. . . . 



1840. 



Wednesday 22 
Friday 28 

Wednesday 18 
Wednesday 22 
Friday 29 

Wednesday 24 
Wednesday 22 
Friday 28 

Wednesday 23 
Wednesday 21 
Friday 27 

Wednesday 23 



1841. 



Wednesday 20 
Friday 26 

Wednesday 24 
Wednesday 21 
Friday 28 

Wednesday 23 
Wednesday 21 
Friday 27 

Wednesday 22 
Wednesday 20 
Friday 26 

Wednesday 22 



1842. 



Wednesday 19 
Friday 25 

Wednesday 23 
Wednewlay 20 
Friday 27 

Wednesday 22 
Wednesday 20 
Friday 26 

Wednesday 21 
Wednesday 19 
Friday 25 

Wednesday 21 



In case of the occurrence of Auroras, the hourly should at once be 
eKchanged for uninterrupted observation, should that not be actually 
in operation. The afiPections of the magnetometers during thunder- 
storms, if any, should be noticed, though it is at present believed 
that they have no influence. 

During an earthquake in Siberia in 1829, the direction of the 
horizontal needle, carefully watched by M. Brman, was uninflu* 
enced ; should a similar opportunity occur, and circumstances per- 
mit, it should not be neglected. 

2. FIGURE OF THE EARTH. 

If the traveller be provided with invariable pendulums, with all 
the necessary apparatus for determining the length of the seconds 
pendulum, it will be highly desirable to have this important observa- 
tion made at several points, especially in high southern latitudes, 
and generally speaking at points as remote as possible from those 
at which it has already been determined. The selection of these 
must depend on local circumstances, as regards convenience for 
landing the instruments and executing the operations, as well as on 
the times of arrival at the several points. 

It would also be desirable, if a convenient opportunity occurs, to 
swing the pendulums on the top of some high mountain ; in which 
case they should also be swimg at the foot of the same mountain, in 
c^der to determine the difference produced by the elevation, or other 
effect of the high land. 

Another experiment which it would be desirable to make, is to 
swing the pendulum on a large fleld of fixed ice, as far from the 
land as possible ; and likewise on the nearest shore to such position. 
In all these cases more than one pendulum should be used ; and 
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at least three knife edges should be employed, in order to guard 
against any unforeseen anomaly that may arise. 

It is scarcely necessary to state* that the direction of the line of 
motion, with respect to the magnetic meridian, should be noted at 
each station. 

3. TIDES. 

Our knowledge of the tides is so incomplete that there are few 
coasts on which good tide obser/ations will not be valuable, espe- 
cially if they are made with a due apprehension of the purposes to 
which they should be directed. One of these purposes is to deter* 
mine the manner in which the tide travels from one part of the 
ocean to another; and in order to answer this purpose the observer 
must ascertain the establishment^ or time of high water with reference 
to the moon's transit. The interval at which the high water follows 
the transit of this luminary is not constant ; it varies to the amount 
of about eighty minutes in the course of a semilunation, according 
to the law expressed below in the Table of the Semimenstrual ine- 
quality, p. 4*3 ; and hence the corrected establishmenty or lunUidcU m- 
iervaly as also the wJgar establishment^ or time of high water at new 
and full moon, may be determined approximately by observations 
made at any period of a lunation : but no determination can be very 
exact which does not include several days' observations. 

The traveller or navigator who would contribute towards our know- 
ledge of the motion of the tide ought to make tide observations at 
several places along the same line of coast, so as to ascertain the es- 
tablishment at each place, and thus to determine in what direction 
and at what rate the tide travels. This it is desirable to have done 
on all coasts. In islands it is especially desirable to have observa- 
tions on opposite sides of the island, so as to ascertain what part of 
the coast is first reached by the tide and what last 

Great variations will often be found to occur in the range of the 
tide (namely, the range from low water to high water) even in a 
line of coast of no great extent. In order that these variations may 
clearly come into view, it is proper to observe low waters as well as 
high waters. 

Another purpose for which tide observations are necessary is to 
determine the laws of the tides at a given place. The laws of the 
tides, as applicable to practical uses, are commonly assumed to be 
nearly the same at all places. If this were the case, all that it would 
be necessary to know, in order to obtain the laws for any particular 
place, would be the establishment of the place, and the range (great- 
est, least, or mean) of the tide. In fact, however, it is found that 
the semimenstrual inequality of the times varies considerably from 
place to place, and that the semimenstrual inequality of the range 
is not proportional to the range itself. Hence it is desirable to 
make continued observations at several places, so as to compare 
their semimenstrual inequalities. It is probable also that other cor- 
rections (as those for lunar and solar parallax and declination) differ 
at different places in the same manner. Hence tide tables con- 
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stracted for one place, and applied to another place by merely alter- 
ing the establishment, will often be found very inaccurate. 

There is one feature of the tides which, though neariy umrenal, 
has only been lately made a subject of observation, and which in 
many cases extremely modifies the phenomena. This is the dhamai 
inequality^ or difference of the two tides on the same day. This 
difference affects both the heights and the times; commonly the 
former most ; and is often so large as greatly to di^nise the pheno- 
mena of the tides. In extreme cases indeed (when its effect either 
on the time or on the height is very great) it produces the appear- 
ance of one tide only in twenty-four hours. At places where op- 
portunity occurs it would be very desirable to make observations 
which may determine thb inequality ; for we are at present actually 
ignorant whether a considerable inequality of alternate tides be the 
rule or the exception. Observations continued for a fortnight at 
any place would ascertain the existence of this inequality, but it 
would be necessary to observe for a considerably longer period in 
order to determine its amount and law with exactness. It is to be 
recollected that the inequality disappears once every fortnight, and 
changes ftrom one tide to another when the moon passes from south 
to north, or from north to south declination. 

As to the mode of making observations; when the water is still, 
its height, and the time of its reaching the greatest height (or the 
least) may be observed by means of a pole carefully divided into 
feet and inches, and fixed upright in the water ; or by any equiva- 
lent contrivance. The graduations of the pole, if fixed, should be 
read from below upwards, and should commence or have their zero 
at a point so far below the level of low water as to admit of no pos- 
sibility of the surface of the sea ever descending so far. By this 
means all the readings are positive, and all doubts and ccmsequent 
inevitable mistakes of the + and — readings are obviated ; the ob- 
served range of the tide is then in all cases the difference of the 
greatest and least semidiurnal readings — ^the mid-water point half 
their sum. The mean of all the mid-water points, in a long series 
of observations, gives the division of the scale corresponding to the 
mean level of the sea. In a short series the correction will be re- 
quired for this, which, in the case of a single day's observations, 
may be considerable. The heights registered however should be 
those read off on the scale, and not those deduced therefrom by the 
subtraction of any assumed constant for the mean sea-leveL 

A much more exact and preferable mode of observation, how- 
ever, is to use an upright tube or chamber, in which is a float car- 
rying an upright measuring rod carefully graduated into feet and 
inches from above downwards (the zero of the scale being above 
the top of the rod, so that it would require to be prolonged, if it 
were required to read off the zero). This rod should work through 
a loose collar near the point where the height is read off (which must 
be done by a fixed index), and friction rollers may be applied if the 
float have but little weight and buoyancy. The tube or chamber 
should not be less than three or four inches in diameter, smooth on 
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the inside, and giving access 4o the water by a small opening about 
j^ inch diameter near the bottom, but not so near as to allow the 
entry of sand, &c., and guarded from that of sea weed, or sea ani- 
mals, by a grating. This contrivance will neutralize the effect of 
the waves on the float. 

The time should be observed by a watch or clock properly regu- 
lated to mean solar time at the place. If it strike minutes, so much 
the better. Some observers have noted, as the time of high water, 
the time when the water begins tofidly which is manifestly, as a ge- 
neral rule, too late. Others when it ceases to rise, which taken as a 
rule, would give a result too early, and both liable to serious mis- 
takes in irregular tides. If the observer follow either of these in- 
accurate methods, he should state which. The only exact method 
is for the observer to be on the watch at least a quarter of an hour 
before the expected time of high water, and to note the reading of 
the float at^every entire minute from the instant he arrives to that 
when he desists ; and his observations should be continued for not 
less than ten minutes after he begins to feel assured that the high 
water is past. If provided with a supply of engraved squares, he 
may then (at leisure or while the observations are proceeding) take 
the time in minutes for an abscissa and the readings in inches for 
ordinates, project the curve of high water, — round off its angles so 
as to destroy accidental jerks, (which will require a litUe practice 
and the exercise of a discreet judgement,) and both the time and 
height of high water will be at once indicated by the course of the 
curve with all the precision the observation is capable of. But 
should he not feel competent to this operation, (which however a 
few trials renders very easy,) he may select for one observed height 
when the water has been certainly rising, a corresponding equal 
height when it has been certainly falling, and take the mean be- 
tween these for a time of high water. And the time being thus 
concluded for each observed rising height, to which a corresponding 
equal sinking height has been noted, the mean of all the times of 
high water so deduced will be to be taken for the true time. In 
all cases the original notes of the minutely observations should be 
preserved. 

In must be recollected, however, that observations made in this 
manner must not be directly compared with those in which the sur- 
face ceasing to rise or beginning to fall is observed ; allowance must be 
made for the time during which the surface is apparently stationary. 

The height of the zero point of the readings, above some fixed 
and probably permanent mark or line, (which should be described 
accurately and circumstantially so that it may be easily recovered,) 
should be carefully ascertained. When the graduations are on a 
jftxed pole, it is necessary for this purpose to level from the mark 
pitched upon, to any one (stated) of the lines of graduation. Thus, 
if the graduation of twenty feet is found to be eight feet above the 
flduciac point chosen, the zero of the scale, were it prolonged so far 
downwards, would be twelve feet below it. When a float is used, it 
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is the difference of level between the index by which the reading off 
if made and the pennanent mark, which must be ascertained. 

Each observation should carry the observer's name or initials ; and 
the time in which the observations are made, whether mean or ap* 
parent solar time, as also the clock's error, and how obtained, should 
be carefully stated. Mean time as above reconuaended is now uni- 
versally prevalent. 

Low water must be observed in the same manner (mtUaiis nm* 
tandis) as high. In cases where, ^m the slope of the shore and 
other causes, low and high waters cannot be observed at the same 
station, a levelling operation will be necessary to bring to exact co« 
incidence the zeros of the two graduated scales which must then 
be necessarily employed. 

Mr. Palmer has described in the Philosophical Transactions a 
self-registering machine, which is intended to give the time of high 
water. Such a machine is in operation in Her Majesty's dook-yiud 
at Sheemess, and is described in the Nautical Magazine for October 
183^. The principle consists in a style or pencU which is moved 
horizontally by the tide along the summit of a cylinder which is 
turned round slowly and uniformly ; the pencil describes a curve 
upon paper wound round the cylinder, which curve indicates the 
fluctuation of the water. The motion of the tide being originally 
vertical is changed by a very simple mechanical contrivance. An- 
other contrivance destined for the same purpose has been invented 
by Captain Lloyd. 

The following is the form of registering tide observations em* 
ployed under the direction of the Admiralty, in which it will be 
observed are noted, 

1. The time and height of high water ; 

2. The time and height of low water ; 

3. The direction and force of the wind. 

Register of the Tides at Portsmouth Dock-yard. 





1834. 


High Water. 


Low Water. 


Bange 

of 

Tide. 


Wind. 




January. 


Time. 


Height. 


Time. 


Height. 


Direction. 


Force. 


J 
1 

2 


Day. 
A.M. 

P.M. 

A.M. 

P.M. 


h m 
3 15 

3 30 

4 
4 15 


ft. in. 
19 3-5 
18 47 
18 6 
17 5-5 


h m 
8 20 

8 45 

9 15 
9 25 


ft. in. 
8 11 
8 07 
8 3 
8 7 


ft. in. 
10 4*5 
10 4 
10 3 
8 10*5 


N.N.W. 

N.W. 

W.W. by N. 

N. by W. 


6 
4 
5 
2 



« The Time is Mean Time, obtained through the Royal Naval 
College ; and the Dock-yard clock, which is used for ascertaining 
the Tim€8 of High and Low Water, is regulated thereby, by Mr. 
Smithers, Clock-maker, Portsea. 

« The Height of the Tide is ascertained by Lloyd's Tide Gauge. 

" The Lifae from which the Heights are measured is the Sill of 
the North Dock-gates." 
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In the above tpecimen-register the force of the wind is indicated 
by figures, according to the following scale, contrived by Captain 
Sieaufort : 

1 Light Mr Or just sufficient to give steerage way. 

2 Light Breeze ^ Or that in which a well-eondi- fl to 3 knots. 

tioned man-of-war with all 

3 Gentle Breeze „».». y sail set, and clean full^ 3 to 4 knots. 

would go in smooth water | 

4 Moderate Breeze . . 



from 1,5 to 6 knots. 



5 Fresh Breeze 

6 Strong Breeze,*.*.. 

7 Moderate Gale . ... 

9 Freak Oale 

9 Strong Gate,* 



Or that to which such a ship 
could just carry in chase,' 
full and by 



Royals, &c. 
Single-reefed topsails 

and top-gallant sails. 
Double-reefed topsailst 

jib, &c. 
Triple-reefed topsails, 

&c. 
Close-reefed topsails, 

and courses. 



10 Whole Oak Or that with which she could scarcely bear close-reefed 

main topsail and reefed foresail. 

11 Storm •••••• Or that which reduces her to storm stay-sails. 

12 Hurricane Or that which no canvas could withstand. 

The circumstances of high water admit generally of more accu- 
rate observation than those of low water. 

The following table of the semimenstrual inequality serves to re- 
duce observations made at any period of the lunation. 



Moon's Affe • •••....•. 


d 







h 
d 




" 


h 
6 


h 

7 
15 

4 

t- „ 


h 
8 

36 
25 


h 
9 

43 
32 


h 
10 

37 
26 


d 
15 

h 
11 

24 

13 




Time of Moon's transit •••...« 


h 


m 
11 


b 

1 


h 
9 


h 
4 


h 
5 




Lunitidal interval greater than I 
mean (i. e. than corrected es- * 
tablishment) ^ 


-5 
1« 


-02 
31 


-33 
44 


-37 


-43 


-19 
30 


Lunitidal interval less than at] 
new or full moon (i. e. than I 
vulgar establishment) J 


m 
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54 


^ ■•-■'■  ' 1 r ..... 

less. 


T 

greater. 


-,. 



The determining the period of the lunation by the moon's age is 
a very inaccurate method ; the method by means of the moon s 
transit is much more exact. 

By the above table, the establishment of the place, either the cor- 
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rected or the riilgar establishment, may be determined by tide ob- 
servations made at any period of the lunation. 

But the above table is not accurate, nor can any table be accu- 
rate for all places : not only because the amount of the semimen- 
strual inequality is different at different places, (as has already been 
noticed,) but aJso because the q^ch of the inequality is (slightly) 
different for different places. And these differences can only be 
determined by continued observations at each place. 

But it is probable that the epoch of the inequality is very nearly 
the same in neighbouring places. 



4. METEOROLOGY. 

The traveller should keep a complete meteorological register, 
skeleton forms for which have been prepared*. These are adapted 
for intervals of observation of six hours throughout the twenty-four ; 
and although hourly observations be made, as is undoubtedly to be 
desired, yet the regular entry and reduction of the observations for 
the hours in the skeleton forms is nevertheless essential, for the sake 
of future comparison with those similarly entered and reduced at the 
fixed stations. So many references have lately been made to the 
Committee upon the subject of directions for meteorological obser- 
vations, that they have embraced the opportunity of proposing a plan 
of extensive co-operation. 

In the way of general remark on this subject it may be observed, 
that it is impossible to pay too much attention to the zero points of 
the instruments, especially the barometer. The thermometers and 
barometers should be carefully compared with those of the Royal 
Society ; and one barometer should be continually referred to as a 
standard, whenever the instruments are landed by the navigator, and 
on his return on board, so as to detect and take account of any 
change which may have occurred in the interval. Nor should an 
opportunity be lost, if it presents itself, of comparing the standard 
barometer (by the intervention of portable ones) with the standard 
barometer of the Cape Observatory, and with that used at Port 
Arthur, Van Diemen's Land, in the meteorological register kept by 
Sir J. Franklin's orders by Mr. Lempriere, as well as with the 
standard at the observatory at Paramatta, and with any other in- 
strument likely to be referred to as a standard or employed in re- 
search elsewhere. 

The general fact that the barometer at the level of the sea does 
not indicate a mean atmospheric pressure of equal amount in all 
parts of the earth, — but, on the contrary, that the equatorial pressure 
is uniformly less in its mean amount than that at and beyond the 
tropics,— was first noticed by Von Humboldt, and has since been de- 

* Messrs. Richard and J. E. Taylor, (Ked Lion Court, Fleet Street,) are directed 
to supply these skeleton forms at the charge of twenty shillings for 25 Pairs. 
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monstrated by the assemblage of many observations made during 
voyages and on land by Schouw, as well as by other observations, 
an account of which will be found in the Reports of the Meteoro- 
logical Committee of the South African Philosophical Society for 
1836 and 1837. This inequality of mean pressure is a meteorolo- 
gical phenomenon of the greatest and most universal influence, as it 
is, in fact, no other than a direct measure of the moving force, by 
which the great currents of the trade-winds are produced ; so that 
the measure of its amount, and the laws of its geographical distri- 
bution, lie at the root of the theory of these winds. The progress 
of barometric depression on approaching the line, and re-ascension 
in receding from it, will therefore be watched with interest propor- 
tionate to its intrinsic importance during the voyage outwards and 
homewards. 

But it may very well happen that phenomena purely local, of the 
same nature, may exist, not as cause but as effect ; in other words, 
that the regular currents once established may, in particular loca- 
lities, determined by the configuration of continents and by the in- 
fluence of oceanic currents, or other causes, form permanent eddies 
or atmospheric ripples, so to speak, under which tiie mean pressure 
may deviate materially frt)m the general average . An instance of per- 
manent barometric depression of this kind, in the neighbourhood of 
the sea of Ochotzk, has been supposed by Erman ; and a second seems 
to be pointed out in the neighbourhood of Cape Horn, by some re- 
marks stated to have originated with Captain Foster ; and it is not 
impossible that something of the same kind, but of an inverse cha- 
racter, may be found to obtain in that remarkable district of Siberia 
mentioned by Erman, where, during winter, clouds are unknown and 
snow never, falls ; and it is somewhat curious to notice that the 
localities in question are not far from antipodes to each other. 

In the passages of navigators across the equator (especially should 
the ships be delayed by calms), opportunity may be presented of 
determining the amount of diurnal barometric fluctuation, apart from 
the interfering influence of land and sea breezes, or their equivalents 
far inland, which in all land observations encumber and disturb this 
somewhat obscure phenomenon; as well as for ascertaining, also 
apart from those influences, the existence or non-existence of that 
difference between the diurnal and nocturnal maxima and minima, 
which has been proved to exist in some localities, and surmised to 
be general*. 

Connected with the equatorial barometric depression, and the 
ascensional current of heated air which produces that depression, is 
a phenomenon which may serve to elucidate the mechanism of this 
current in its origin, as well as to illustrate the mode in which as- 
cending currents occasionally produce rain. It cannot be supposed 
that the whole body 6f the equatorial atmosphere rises en masse, or 
with any regularity or steadiness. Such a movement would be out 
of analogy with what we know of the movements of fluids in general. 

* See Reports of Met. Com. S. A. Phil. Soc. above referred to. 
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Its tendency to rise is general, but this tendency is diverted by a 
thousand local influences, and concentred on particular points, where 
it results in ascending columns and sheets, between which wind- 
flaws, capricious in their direction and intensity, and often amount- 
ing to sharp squalls, mark out the course of their feeders and of the 
indraft of cooler air from a distance to supply their void. Now the 
existence of such ascending columns is rendered frequently visible 
in a very unequivocal way, by vast piled-up masses of doud of that 
peculiar form which has been called cumulostratw, the bottom being 
flat and ill*defined, the upper parts towering to an immense height, 
and ragged with great protuberances. From the bases of these 
great cumular piles are almost constantly seen to descend those vio* 
lent showers so common in the calm latitudes. 

It would be interesting on many accounts to obtain measures, even 
if somewhat vague, of the altitudes at which the bases of these clouds 
rest, as well as of the height of their summits, and to measure the 
temperature of the rain which falls from them at successive periods, 
as they pass over the ship, so as to ascertain whether the rain which 
falls along their axis be not colder (from coming at least in part 
from a greater elevation) than that from their skuts. The vapour 
plane, in such circumstances, being nearly or precisely uniform over 
vast tracts of sea, the altitude of the base of such cloud vertically 
overhead may be considered the same as that of any other favour^ 
ably situated for measure. In fact the determination of the mean 
height of the vapour plane at and near the equator is one of high me- 
teorological import, and is connected by no circuitous steps with all 
the most interesting questions regarding the distribution of aqueous 
vapour over the globe and the irrigation of the continents^ 

There can be little need to caU the attention of navigators to 
anything relating to winds, storms, Hghtning, &c. ; yet diere are 
some points to which attention may be expressly drawn, viz. to 
such distribution and movements of the clouds as indicate the exist* 
ence at the same time of an upper and an under current of wind 
moving in opposed or differing directions. In such cases, the sun, 
moon, or a star should be taken as a point to fix the eye. In storms 
the barometer should be very assiduously noted in relation to the 
varying phases of the gale and the changes of wind, and particularly 
to those sudden shifts of wind which characterize revolving storms* 
The Committee are not aware that the state of the barometer during 
** a white squall'' has ever been very carefully noted from instant to 
instant ; or that it, or the more sensitive sympiesometer, have been 
referred to during the approach and recess of a waterspout. 

The phenomena of ordinary thunder-storms may be thought to 
afford little matter for remark, and extraordinary ones will be noted 
of course. Yet there is one point to which we should wish that 
some attention might be paid, — it is the sudden gush of rain which 
is almost sure to succeed a violent detonation immediately over-head. 
Is this rain a cause or a consequence of the electric discharge ? Opinion 
would seem to lean to the latter side, or rather, we are not aware 
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that the former has been mamtained or even suggested. Yet it is very 
defensible. In the sudden agglomeration of many minute and feebly 
electrified globules into one rain drop, the quantity of electricity is 
increased in a greater proportion than the surface over which (ac- 
cording to the laws of electric distribution) it is spread. Its tension 
therefore is increased, and may attain the point when it is capable 
of separating from the drop to seek the surface of the cloud, or of the 
newly-formed descending body of rain, which, under such circum- 
stances, and with respect to electricity of such a tension, may be re- 
garded as a conducting medium. Arrived at this surface, the tension 
for the same reason becomes enormous, and a flash escapes. 

The following points should be observed, with a view to this 
mode of regarding the formation of lightning. Ist. The actual 
electric state of that rain which follows suddenly after a discharge 
originating vertically over head. 

2nd. Whether lightning occurs without rain in the immediate 
point where it originates, or at least without a rapid formation and 
increase of doud at that point. 

drd. Whether lightning proceeds from a cloud undergoing ac- 
tual diminution from evaporation. 

4th. Whether the cumular clouds, already noticed as continually 
forming and raining in the calm latitudes, send forth flashes of 
lightning ; and if so, under what conditions, and with what effects. 

Observations of Auroras form a highly interesting subject. Their 
effects on the magnetic needle should of course be narrowly watched ; 
and all their phenomena should be minutely registered, such as the 
formation, colour, extent, situation, movement, and disappearance 
of arches, patches, banks, and streamers. In particular, attention 
should be drawn to an appearance which sometimes occurs, and which 
cannot but be regarded as highly instructive. It consists in pulsa- 
tions propagated with more or less swiftness through patches of sky 
of definite forms, which however become visible only in successive 
portions, as the pulse traverses them, giving the idea of masses of 
vaporous matter not visible per se, but rendered fitfully so, either by a 
band of light cast in succession over every part of them from vidthout, 
or by a temporary phosphorescence developed within their substance 
when traversed by electric matter. Such pulsations as above de- 
scribed formed very remarkable features of the auroras of October 
12, 1833, and of January 18, 1839. 

Any indication of the near vicinity of auroral phenomena, or of 
their existence at a level below that of ordinary clouds, should be 
most minutely investigated at the moment, and carefully and cir- 
cumstantially recorded. 

On the nights from the 11th to the 14th of November the sky 
should be watched for the periodical meteors, whose existence seems 
now to be placed out of doubt ; as also from the 9th to the 13th of 
August ; and in general any remarkable display of shooting stars 
should be noted. The zodiacal light also should be observed in 
clear nights, with a view to the better defining its limits, and ascer- 
taining if it be really, as some have supposed^ variable in its extent 



/^ 



48 



or lustre. Remarkable halos, parhelia, and other atmospheric phe- 
nomena, should be recorded, and careful measures of their dimen- 
sions taken with sextants or other instruments. 



5. DISTRIBUTION OF TEMPERATURE IN THE SEA 

AND LAND. 

Connected as this subject is with meteorology* it requires in some 
points of view to be considered apart* As the currents in the atmo- 
sphere are produced by the difference of temperature in its polar and 
equatorial regions, so it may be contended are those of the ocean by 
differences of temperature due to the same geographical causes. Such 
is the view taken by M. Arago in his elaborate instructions for the 
voyage of the Bonite, and it would appear undoubtedly more just than 
that which attributes them wholly to the friction and pressure, of the 
winds. Nevertheless it must not be forgotten that there is an essen- 
tial difference in the modes of action in the two cases, llie sun's 
heat is effective in increasing the temperature of the air mainly/rom 
below, where it is in contact with the earth or water, both of which 
absorb the rays and communicate them to the air above. In the sea 
the case is otherwise : for the sun's rays are totally absorbed at the 
surface, and no ray reaches the bottom of any sea deserving the 
name. The temperature therefore of a deep stratum of water cannot 
be permanently maintained by the sun's direct heat greatly above 
what it would have independently of its direct action. Hence the 
motive power in a system of currents so originating must be sought, 
not in the ascensional force at the equator, but in a descensional one 
in the polar regions, or rather in that one polar region in which 
winter prevails. The order of the phenomena then is precisely the 
reverse of what obtains in the atmosphere ; moreover the seat of the 
efficienfb agency is not only much less extensive than in the case of 
the atmospheric currents, but also subject to a semiannual shifting 
from one to the other extremity of the earth's axis, both which 
causes must tend greatly to diminish the average energy of the 
effect. 

Practically speaking, the question resolves itself into one of fact, 
which observation only can decide. Is there in the whole column 
of water between the surface of the ocean and its bed at the poles, 
as compared with a column of equal depth at the equator and in free 
communication with it, a descensional power or not ? and what is its 
amount ? These questions can only be resolved by observations of the 
temperature and saltness of the sea, at various and considerable 
depths, in different latitudes, and under a great variety of local cir- 
cumstances. The procuring such observations, and the preservation 
of specimens of the water, or the determination on the spot of their 
specific gravities, will afford a useful occupation in calms, and may 
be recommended as well worthy of attention. Theoretically speaking, 
the subject is more complicated than at first appears, since it cannot 
but be that some considerable portion of solar heat absorbed by the 
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equatorial continents,— 'in place of finding its way out of the earth by 
radiation at the poles, in the mode of subterraneous communication 
suggested by Fourier, — must escape through the bed of the ocean 
into its waters, and so be carried into their circulation. 

The distribution of temperature over the globe must greatly depend 
on the intensity which the solar rays possess on attaining the surface 
of the earth affcer traversing the atmosphere in different latitudes. To 
subject this point to direct inquiry in a mode which after many years' 
trial has been found to give very satisfactory results, Actinometers are 
provided, and accompanied with very precise directions for their 
use. They should be observed only when the sky in the immediate 
neighbourhood of the sun is perfectly free from visible cloud. On the 
other hand, depression of temperature caused by diurnal and nocturnal 
radiation by the only means we at present possess for that purpose, — 
viz. that of thermometers blackened and exposed in reflectors to the 
sky, — will form a useful and valuable supplement to the actinometric 
researches. With a view to the collection of facts illustrative of the 
distribution of temperature on land, wherever a ship may touch 
with a prospect of remaining some days, no time should be lost, on 
landing, in burying in the earth one or more bottles (filled with spi- 
rits, if there should be danger of water freezing), well packed in 
cases, or boxes stuffed with non-conducting matter, such as woollen 
cloth, pounded charcoal, &c., but so as to leave easy access to the 
neck, which should be wide enough to introduce the bulb and stem 
of a good thermometer, so as to take the temperature of the con- 
tained liquid rapidly, before it can have become altered by exposiure 
in the air on taking up the bottle. Bottles so arranged should be 
buried at depths of three, six, nine, twelve, &c. feet*, according to 
the facilities of penetrating the soil, and allowed to remain till the 
time of departure, so as to ensure their acquiring the precise tempe- 
rature of the soil ; and when taken up should immediately have the 
temperature of the included liquids ascertained. In case of very 
prolonged sojourn, monthly readings should be taken. The tem- 
peratures of all springs and wells should also be diligently noted 
and registered. 

Opportunities for determining the temperature of the ocean at 
great depths must of course be rare ; but at moderate depths it can 
always be done with comparatively little trouble, and the Commit- 
tee therefore, suggest the propriety of making observations of this 
element at two moderate and constant depths (say 150 and 300 
fathoms), by the aid of a self-registering thermometer attached to a 
sounding line whenever the ship's way shall be such as to allow their 
being made with precision. 

6. CURRENTS OF THE OCEAN. 

These are either subaqueous or superficial, and, like those in the 
atmosphere, both may coexist at the same place, with different direc- 

* These are the depths adopted in Mr. Forbes's recent experiments. 

£ 
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tions and velocities. Of the former we know almost nothing, and 
of the latter but l^tle compared with what would be desirable and 
most useful. The practice of daily throwing overboard a bottle 
corked and sealed with the latitude and longitude of the ship at noon 
ought not to be neglected. A single instance of such a record being 
found may suffice to afford indications of the utmost value, while the 
trouble and cost are too trifling to mention. 

As no sea can be supposed absolutely motionless, the presence of 
a shoal, by casting up at the surface water which, but for it, would 
have continued to sweep along at a greatly lower level with the ge- 
neral body of the current, must bring the temperature of the surface 
water into nearer correspondence with that below. In low latitudes 
the surface water is hotter than that below ; and accordingly it is a 
general remark, that the temperature sinks as the water shoals, or 
even in passing over banks whose depth is very considerable. If 
this theory of the phenomenon be correct, the contrary ought to be 
observed in situations where the surface water is colder than that 
below, as it is known to be under particular circumstances in the Polar 
Seas. In still larger tracts in high latitudes the seas have nearly a 
uniform temperature throughout their whole depth. In such cir- 
cumstances should any superficial variation of temperature be ob- 
served in passing over a shoal or bank, it could only be ascribed to 
radiation. The subject is one of considerable interest to the navi- 
gator, as the approach to land or to shoal water is indicated by the 
thermometer with a high degree of sensibility. Recent observations 
of this kind exist, the one at entering Table Bay in 1834, the other 
at quitting it. In the former case the temperature fell 9^ Fahr. in 
passing from deep water into the Bay ; in the latter under reverse 
circumstances a rise of no less than 13° Fahr. was experienced, the 
temperature of the air remaining unaltered. The last- mentioned 
observations being very remarkable, the particulars are annexed. 

Memorandum of Observations made on hoard the Earl of Hardwicke, 

H,E,I,C,S, by Captain Henning. 

March 17th, 1839. Temperature of air at 5^ p.m., four miles 

from Cape Town 64^*0 

Of Sea 52°0 

5^ 30°» One mile north of Robben Island. Air 64°-0 

Sea 57°0 

March 18th at sea. Air , 64''-0 

Sea 66°0 

Connected with the transcalescence of the air, is the transpa- 
rency of the sea. The stimulus of the solar light no doubt affects 
the surface of moUusca at great depths, and numerous points of phy- 
sical inquiry would be elucidated if we knew the co-efficients of ex- 
tinction of the solar rays by pure sea water. As far as the luminous 
rays are concerned (or at least the chemical), the actual intensity of 
these rays at various depths might be very easily ascertained, both 
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for direct sunshine and that of cloudy daylight, by the aid of Mr. 
Talbot's sensitiye paper ; which, duly guarded #om wet by varnish 
and interposition between glass plates, might be sunk, face upwards 
in a small frame, while a portion of the same paper, cut from the 
same sheet, should be similarly exposed on deck, and partially shaded, 
inch by inch, from minute to minute, (or for a smaller interval accord- 
ing to the sensitiveness of the paper,} with a view to immediate com- 
parison between decks, by a light not strong enough to alter the tint. 

A mode of photometric measurement may be also furnished by 
the sensitive paper above alluded to, by the exposure of a small 
portion of it to the sun at noon for a given time, suppose ten se* 
conds, and subsequent comparison with a scale of tints. Paper 
duly prepared for these purposes was supplied for the use of the 
Antarctic expedition. During solar eclipses such paper ought to 
be exposed at intervals of five minutes. 

The temperature of the soil under the direct influence of the sun 
as indicated by a thermometer barely covered with dry earth, is an 
element of importance to the botanist, and may be recommended as 
an apt accompaniment to actinometric observations. The thermo- 
meter used should have a scale reading at least to 180^ Fahr. 

The height of the line of perpetual snow, by whatever indications 
marked, should also be ascertained, wherever practicable. 

7. DEPTH OF THE SEA. 

Soundings to as great a depth as practicable should be taken 
wherever opportunities may oflPer. Great difficulty, however, is well 
known to exist in the way of procuring any exact result, or indeed 
any result at all in very deep seas ; and various methods (all ob- 
jectionable) have been proposed and tried. The maximum depth 
of the sea is a geological datum of such value, that a few failures in- 
curred in attempts may very well be tolerated when placed in com- 
petition with the interest of even partial success. 

8. VARIABLE STARS. 

In clear weather many interesting observations might be made by 
anyone acquainted with the constellations,orprovided with a celestial 
map, as to the comparative lustre and variability of stars. Especially 
we would point out to the attention of such an observer the stars a 
HydrsB et Crateris as certainly, and ^ Orionis as probably, variable ; 
the former at its greatest brightness being equal to e Argus, and at its 
least equal or somewhat inferior to ^ Argus, which are the best stars 
for comparison with it. Its period of change, however, being only very 
imperfectly known, additional observations would be valuable. The 
remarkable star tj Argus should also be compared with others of the 
same apparent brightness, or nearly so, with a view to continue the 
history of its late extraordinary change of lustre. And the Committee 
earnestly recommend to any one who may undertake such observa- 
tions, to form a list of a certain moderate number of stars, graduating 
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from the first magnitude downwards by almost insensible steps, and 
having rendered hiftself familiar with them, to note their arrange- 
ment in order of brightness, — ^not once only, but on a great many 
nights, forming on each occasion separate independent judgements; 
trusting on no account to any printed catalogue, and diligently re- 
cording and preserving his memoranda. Such observations are not 
part of the ordinary business of astronomical observatories, and are 
therefore neglected and abandoned to the amateur, the traveller, or 
the seaman in his night-watches, which they will be found to beguile 
of much of their tedium, and to reward by the frequent detection of 
variable stars not previously recognised as such. 

9. REFRACTION. 

The determination of refractions near the horizon, both of ce- 
lestial and terrestrial objects in high latitudes, is a very inter- 
esting subject of study. They may be pursued in various modes, 
of which perhaps the easiest is to note the disappearance of parti- 
cular stars behind the horizontal edge of a board, erected at some 
considerable distance from a fixed point of observation, and then 
to ascertain, with all precision, the altitude of the line of disappear- 
ance, accompanying such observation with the height of the ba- 
rometer and thermometer. Vertical diameters of the sun or moon, 
when very near the horizon, with the corresponding altitudes, will 
also be of use, as well as measurements of the distances of two con- 
siderable stars on the same vertical, and direct measures of the alti- 
tudes of one and the same star in the progress of its diurnal course 
when near the horizon. The curve of terrestrial refraction might 
also be actually traced out by a levelling-stafi. Any cases of un- 
usual refraction, mirage, reduplication and inversion of images, and 
of lateral refraction, should be recorded. 

10. ECLIPSES. 

In annular or total solar eclipses the optical circumstances attend- 
ing the formation and rupture of the ring should be minutely attended 
to, as well as the defalcation of light and heat, to be measured by 
their appropriate methods, as detailed in the Meteorological instruc- 
tions. 

In lunar total eclipses the occultations of stars, whether large or 
small, should be looked for, and any apparent projection on the 
disk noticed. Great attention should abo be paid to the intensity, 
colour, and distribution of illumination over the disk during the total 
eclipse, as indicative of the general state of the earth*s atmosphere in 
that great circle of the globe which at the moment is at right angles 
to the visual ray. 
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INSTRUCTIONS FOR MAKING METEOROLOGI- 

CAL OBSERVATIONS. 

After maturely considering this subject, the Committee do not pre- 
sume to anticipate that what they may suggest will not be liable to 
objections, for their object will be to include within their compass 
many excellent series of observations which are already in progress, 
rather than to propose a degree of theoretical perfection, the attain- 
ment of which the present state of the science may not perhaps admit 
of. Systematic co-operation is the essential point to which at present 
everything else should be sacrificed ; and co-operation on almost any 
plan would most certainly be followed by more beneficial results than 
any number of independent observations, however perfect they might 
be in themselves. 

The plan of co-operation should, in fact, be regarded at present as 
merely temporary and preparatory ; but if steadily adhered to for a 
few years, it would certainly furnish the most perfect data for its own 
correction, which could then from time to time be applied with fa- 
cility and precision. 

The Committee are not without hopes that amateurs of science may 
be induced to conform to these suggestions, even at the temporary 
sacrifice of their own views and convenience ; for no one can reflect 
on the immense amount of labour which is now rendered useless for 
want of the requisite uniformity and precision, without being con- 
vinced of the necessity of remedying an evil which has already been 
of too long standing, and continues to be a reproach to science. 
Many, of course, will not have it in their power to fill up the plan in 
all its details ; but they will contribute greatly to forward the design, 
if, in such observations as they may find it convenient to make, they 
strictly comply with the rules proposed. They will be further encou- 
raged to lend their aid to a comprehensive system, by the consider- 
ation that it will be adopted by the Government Observatories, as 
well as by those about to be established by the East India Company, 
and will of course be acted upon in the comparison and discussion 
of the observations made at these institutions by the scientific au- 
thorities who will be entrusted with the execution of this task. 

The suggestions which the Committee wish to ofier will relate, 1st, 
to the times of observation ; 2ndly, to the situation of the instru- 
ments to be observed ; Srdly, to the correction of the observations ; 
4thly, to a form of registry, which may place many of the results in 
a striking point of view, and facilitate comparisons. 

1. Barometers. 

Times of observation, — The purposes of meteorological observa- 
tions would be most perfectly and most expeditiously obtained by 
hourly observations throughout the year ; but since in the case of 
private observers in general, and in few public establishments, such 
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a course of unremitting labour cannot be hoped for, it is necessary, 
for general purposes, to select periods at longer intervals calculated 
to embrace the extremes of the periodical oscillations to which 
the pressure of the atmosphere is subject, and to ensure that uni- 
formity of system at different stations on which the value of such 
observations so much depends. It is probable that the hours of 
S A.M., 9 A.M., 3 P.M., and 9 p.m., nearly coincide with the daily 
maxima and minima of the barometric column at the level of the sea, 
over a large portion of the globe ; and it is desirable that as exten- 
«ive a comparison as possible should be instituted at these hours. 
At the magnetic observatories, it is provided that observations shall 
be made every second, or even, hour of Gottingen mean time 
throughout the twenty- four ; so that there at least, and in all others 
which will act in concert and correspondence with them, the complete 
diurnal cycle will be satisfactorily observed. It would be uselessly 
super-adding labour to the already extensive task imposed on these 
establishments, to require observations also at the hours above re- 
commended for general adoption as Meteorologieal hours. They will, 
therefore, content themselves with filling up the forms furnished 
them, as adapted to the meteorological hours, with observations 
made at the nearest mctgnetic hours to those named at each station. 

It is not, however, too much to expect that hourly observations 
should be made^ during 24* hours, once in every month, by those 
who profess to pursue meteorology in a scientific manner ; and when 
this cannot be effected, it is of the utmost importance that they 
should be made at least four times in the year, namely, at the sum- 
mer and winter solstices, and at the spring and autumn equinoxes. 
One of the results of these hourly observations would probably be 
the indication of the exact times of the daily maxima and minima 
of pressure at different stations, which, if not found to coincide with 
the hours provisionally adopted, might ultimately be substituted for 
them under future directions. At the magnetic observatories the 
instruments will be read off hourly, on the days set apart in each 
month for the Magnetic Term observations, and the two-hourly system 
of observation in all cases continuing uninterrupted, will in effect 
furnish corresponding observations on all other days, whether arbi- 
trarily chosen to suit private convenience, or in pursuance of the 
system about to be proposed in the subsequent paragraphs. 

Hourly observations at the equinoxes and solstices have been al- 
ready instituted at numerous points both of Europe and America, 
at the suggestion of Sir John Herschel, whose directions should be 
strictly attended to. They are as follows : — 

The days fixed upon for these observations are the 21st of March, 
the 21st of June, the 21st of September, and the 21st of December, 
being those, or immediately adjoining to those, of the equinoxes and 
solstices in which the solar influence is either stationary or in a state 
of most rapid variation. JSitt should any one of those 2\st days fall 
on Sunday y then it will be understood that the observations are to be 
deferred till the next day, the 22nd^ The observation at each station 
should commeitce at 6 o'clock a.m« of the appointed days, and ter- 
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minate at 6 a.m. of the days following, according to the usual reckon- 
ing of time at the place. 

The commencement of each hour should be chosen, and every 
such series of observations accompanied by a notice of the means 
used to obtain the time, and, when practicable, by some observation 
of an astronomical nature by which the time can be ascertained 
within a minute or two. 

Travellers provided with meteorological instruments who may be 
stationary on any of these days, may use them with advantage on 
such opportunities. Such as may ascend high mountains are re- 
commended, cateris paribtM, to choose one of these days as afford- 
ing a greater probability of securing a complete series of corre- 
sponding observations than any other ; for which reason these ob- 
servations cannot be too strongly recommended to residents in 
mountainous countries. The geologist, nay even the surveyor, may 
find his account in traversing his field, barometer in hand, on one of 
these days, provided he have reason to presume that there exist 
observers in its neighbourhood who take a part in these observaF* 
tions. 

It is to be hoped that to scientific meteorological observers the 
six-hourly observations may not be found to be impracticable through- 
out the year ; but in any case where it may be impossible to observe 
regularly at 3 a.m., an effort should be made to include that hour on 
the days of the new and full moon, and quadratures, or at least on 
the days of the new and full moon ; — as it must be borne in mind, 
that in what concerns the great meteorological questions on which 
the most interesting features of the subject depend, the night is quite 
as important as the day, and has been hitherto far too much neglected* 

Whatever hours, however, may be selected for the reguls^ series 
of observations, the greatest care should be taken not to insert in 
the register anything deduced by interpolation from observations 
made at other hours, or anything in short but what has been actu- 
ally observed. 

It is much to be wished that occasional observations may be made 
under remarkable circumstances, such as during great rises or great 
falls of the barometer, at the period of great storms, earthquakes, 
&c. ; but such observations should be registered apart. 

The barometer should be placed in an apartment subject to as 
little variation of temperature as possible, and in a good light ; and 
to facilitate night observations, an arrangement should be made for 
placing behind it a light screened by a sheet of white paper, or other 
diaphanous substance. Great care should be taken to fix it in a 
perpendicular position by the plumb-line. Its height must be care- 
fully ascertained above some permanent and easily-recoverable mark, 
either in the building in which it is situated, or in some more per- 
manent building, or rock, in its immediate vicinity ; and no pains 
should be spared to ascertain the relation which such mark may bear 
to the level of high and of low water at spring tides, and ultimately 
to the mean level of the sea. 

Changes in the adjustments of meteorological instruments should 
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be most carefully avoided ; but whenever any alterations may be ab- 
solutely' necessary, they should be made with all deliberation, scru- 
pulously noticed in the register, and the exact amount of the change 
thence arising in the reading of the instrument under re-adjustment, 
ascertained. As far as possible, registers of meteorological observa- 
tions should be complete ; but if, by unavoidable circumstances of 
absence, or from other causes, blanks occur, no attempts to fill them 
up by general recollection, or by the apparent course of the numbers 
before and after, should ever be made. 

The observatories established by her Majesty's Government are 
furnished with two barometers each, of Newman's construction — 
the one a standard, and the other portable ; and they are accom- 
panied by accurate directions for fixing and observing them. 

The standard instrument is of large dimensions, its tube being 
of the diameter of 0*6 inch. It requires two adjustments : 1st, The 
whole scale, which is of brass, is moveable, and terminates in an 
ivory point, which is carefully brought down to the surface of the 
mercury in the cistern, and the two are known to be accurately in 
contact when the actual point and its reflexion appear just to touch 
one another. The scale is laid off from this point from an authentic 
standard. 

2nd. The second adjustment is that of the vernier, in which the 
upper part of the scale terminates, to the surface of the mercury 
in the tube. For this, both the back and front edge are made to 
coincide, and brought down so as to form a tangent to the curve, 
and just to exclude the light between them at the point of contact. 
In making both these adjustments, it is desirable that the eye should 
be assisted by a magnifying glass. Before the observation is made 
the instrument should be slightly tapped, to free the mercury from 
any adhesion to the glass ; but any violent oscillation should be 
avoided. 

The portable barometer has only one adjustment, namely, that 
of the vernier to the upper surface of the mercury in the tube, 
which adjustment must be effected with the same precaution as in 
the case of the standard instrument. 

This first reading may be entered in the column prepared for it 
in the register, and beside it the temperature of the mercury care- 
fully read off from the thermometer which dips into the cistern. 

In the case of the standard barometer the first measure is taken 
immediately from the surface of the mercury in the cistern, and it 
requires no correction for the different capacities of the tube and cis- 
tern. Neither does it require any correction for capillary action, as 
the large diameter of the tube renders this correction inappreciable. 

The portable barometer, however, requires corrections for both 
these circumstances. For the purpose of the former, the neutral poitU 
is marked upon each instrument, or that particular height which, in 
the construction of the instrument, has been actually measured from 
the surface of the mercury in the cistern. 

It is obvious that, in almost every case, the mercury will stand either 
above or below the neutral point : if above, a portion of the mercury 
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must have left the cistern to enter the tube, and consequently must 
have lowered the surface in the cistern ; if below, a quantity of mer- 
cury must have left the tube, and, entering the cistern, raised the level 
of the mercury in it. For the correction of observations for this cir- 
cumstance, the relation of the capacities of the tube and cistern have 
been experimentally ascertained, and are marked upon the instru- 
ment : tiius, capacity -^Vth, indicates that for every inch of elevation 
of the mercury in the tube, that in the cistern will be depressed one 
50th of an inch. Thus, when the mercury in the tube is above the 
neutral point, the difference between it and the neutral point is to be 
divided by the capacity, and the quotient being added to the ob- 
served height, the result will be the corrected height. Or if the 
mercury at the time of observation should be below the neutral point, 
the difference of the two is to be divided as before, and the quotient 
to be subtracted from the observed height. Thus, suppose the ca- 
pacity to be jTjth, the neutral point 30 inches, and the observed 
height 30*500 inches, the difference is 0*5 inch, which divided by 
50 gives OOl inch to be added to the observed height, producing 
30*5 1, the corrected height; or if the observed height be 29 inches, 
the difference, I inch, divided by 50, gives '02 inch to be sub- 
tracted from the observed height, giving 28*980 inches for the cor- 
rected height. 

The second correction required is for the capillary action of the 
tube, the effect of which is constantly to depress the mercury in the 
tube by a certain quantity inversely proportioned to the diameter of 
the tube. In the instruments furnished to the fixed observatories 
the amount has been experimentally deteimined during their con- 
struction, and marked upon the instrument ; the quantity is always 
to be added to the height of the mercurial column, previously cor- 
rected as before. For the convenience of those who may have ba- 
rometers, the capillary action of which has not been so determined, 
a table of the corrections for tubes of different diameters is placed 
in the Appendix, page 81. 

The marine barometers furnished td the Antarctic Expedition dif- 
fered in nothing from the other portable barometers but in the mode 
of their suspension, and the necessaiy contraction of the tubes to 
prevent oscillation from the motion of the ship, and require the 
same corrections. 

When these two corrections have been made in the first reading 
of the portable barometer, it should agree with the direct observa- 
tion of the standard barometer ; and it is very desirable that frequent 
comparative observations should be made of the two instruments, in 
order to ascertain whether there may be any permanent difference 
between them. Should this be the case, the amount may be marked 
upon the instrument, and allowed for as an index error, in order that, 
if an accident should happen to one, the other may be substituted 
for it without detriment to the regular series of observations. 

It is to be presumed that the portable barometer will frequently 
be employed in ascertaining the altitude of remarkable points in the 
vicinity of observatories. 

The instruments furnished to the observatories established by her 
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Majesty's Government and the similar observatories in India have 
been all independently graduated and compared with the standard 
of the Royal Society ; and in all cases it is desirable that such a com- 
parison should be made with some standard instrument of authority, 
directly, or by means of a good portable barometer. In making such 
comparisons, all that is necessary is to record five or ten simultane- 
ous readings of both instruments, deliberately made, at intervals of a 
few minutes from each other, after at least an hour's quiet exposure, 
side by side, that they may have the same temperature. If compared 
by two observers, each should read off his own barometer in his usual 
manner, then each should verify the other's result. By this means 
the zero of one standard may be transported over all the world, and 
that of others compared with it ascertained. To do so, however, with 
perfect effect requires the utmost care in the transport of the inter- 
mediate barometer, and is by no means an operation either of trifling 
import or of hurried or negligent performance : some of the greatest 
questions in meteorology depend on its due execution. 

The next correction, and in some respects the most important of 
all, is that due to the temperature of the mercury in the barometer 
tube at the time of observation. To obtain this every barometer 
requires to have attached to it a thermometer, which in the instru- 
ments furnished to the observatories dips into the mercury in the 
cistern, and this must be read and registered at each observation of 
the barometer. In the appendix pages 82, &c. will be found a table 
calculated by Professor Schumacher, which gives for every degree of 
the thermometer and every half inch of the barometer, the proper 
quantity to be added or subtracted for the reduction of the observed 
height to the standard temperature of the mercury at 52^ Fahr. 

It must, however, be observed, that this table is only calculated 
for barometers whose scales are engraven upon a rod or plate of 
brass reaching from the level of the mercury to the vernier. In 
many barometers the scale is engraved upon a short plate of brass 
fixed upon the wooden frame of the instrument, and the compound 
expansion of the two substances can only be guessed at, but must 
be obviously less than if the whole length had been of brass. As a 
near approximation for such imperfect instruments, another table has 
been placed in the appendix page 88, in which the lesser expansion 
of glass has been substituted for that of brass. No scientific ob- 
server, however, would willingly use such an instrument. 

Although all these corrections are necessary for the strict reducHon 
of registered observations, they ought not to be applied to individual 
observations previously to registry. In the blank forms of register 
furnished to the observatories, one sheet is devoted to uncorrected 
observations, and a second to the corrected ; and it is much to be 
wished that the proper reductions should be made as soon after the 
observations as possible. 

2. Thermometers. 

Times of observation, — The external standard thermometer should 
be observed and registered at the same times as the barometeri and 
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all the register thermometers may be read off at the time of the 9 a.m . 
observation, and their indices re-adjusted. But as double maxima 
frequently, and double minima occasionally, occur, in consequence of 
•udden changes of temperature, both the thermometers should be 
occasionally inspected with a view to ascertain whether the motion 
of either the mercury or the spirit has been reversed in an unusual 
manner ; and such double maxima or minima should be recorded 
apart as supernumeraryy with the dates and leading features of the 
case. 

Each observatory was furnished with a standard mercurial ther- 
mometer, which was carefully compared with an authentic standard, 
to be deposited at the apartments of the Royal Society, 

The spirit thermometers have been constructed with every pos- 
sible attention to accuracy. A fixed point of temperature has been 
directly determined for each, at or about OS by means of a freezing 
mixture and comparison with a standard mercurial thermometer ; 
and to render their indications accurate at still lower temperatures, 
the tubes are frustra of inverted cones, the rate of redaction of 
calibre being such as to compensate very nearly for the diminishing 
rate of the contraction of alcohol as we descend in the scale of 
temperature. For example, a column of mercury 5*10 inches long 
at the top of the instrument, changes to 5*40— 5*4>3'— 5'4'6 : the 
rapid change of the calibre at the top of the tube corresponding to 
the increased expansion of the spirits at the top of the scale. The 
specific gravity of the spirit employed is 822. 

In general, however, accuracy would be most satisfactorily in- 
sured by selecting tubes of equal bores, and dividing the scales 
into equal degrees, which could be easily corrected, for the di- 
minishing rate of the contraction of alcohol, by reference to proper 
tables. 

It is recommended that all thermometers be carefully and fre- 
quently compared with the standard, and their difierences, at 
one or more temperatures (the wider asunder the better), marked 
upon their scales and applied as index errors. This is particularly 
necessary with the register thermometers, whose construction ren- 
ders them most liable to such errors. 

In placing the standard thermometer, an exposure should be 
chosen perfectly shaded from the sun, where no reflected sun- 
beams from water, buildings, rocks, or dry soil can reach it, and 
which is easily accessible for observation. It should be fixedy not 
merely hungy upon a bracket projecting six inches from the wall, or 
other support to which it may be attached, and it must be compleUfy 
sheltered from rain by a screen, so that the bulb shall never be wetted. 
In reading it, the observer should avoid touching, breathing on, or 
in any way warming it by near approach of his person; and in night 
observations particular care should be taken not to heat it by ap- 
proximation of the light. The quicker the reading is done the better. 

It is desirable that notice should be taken of all sudden and re- 
markable changes of temperature, although such occasional observa- 
tions must not be recorded in the regular series. 
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The self-registering thermometers should be placed with the same 
precautions as the standard, and so fastened as to allow of one end 
being detached, and lifted up to allow of the indices witlun the 
tubes sliding down to the ends of the fluid columns, which they will 
readily do with the assistance of occasional tapping. 

The self-registering thermometers are apt to get out of order by 
the indices becoming entangled, or from the breaking of the column 
of fluid. When this happens with the spirit thermometer, it may 
be rectified with ease by jerking the index down to the junction of 
the bulb and tube. The whole of the tube will at the same time 
become wetted with the spirit ; and by setting it on end with the 
bulb downwards, the spirit will run together into one continuous co- 
lumn. 

When the steel index of the mercurial thermometer becomes im- 
mersed in the mercury, it must be jerked in the opposite direction, 
till it, with the mercury which may be above it, is projected into 
the little bulb at the top of the tube. If this do not succeed, heat 
must be applied to the mercury-bulb, and when the index is fairly 
lodged in the air-bulb, by carefully warming the mercury-bulb with 
a spirit lamp having a very small flame, the mercury must be made 
to expand till it rises to the very top of the tube, and projects 
convexly into the air-bulb. The tube must then be placed up- 
right, and, by tapping, the detached mercury will slip down beneath 
the steel index, and will fairly unite with the convex projection 
aforesaid. Now let the bulb cool, and the mercury will sink in one 
united column, and leave the index free. 

Besides the regular series of observations of the temperature of 
the air, there are other occasional observations to be made of tem- 
perature under diflerent circumstances, which might possess great 
interest. 

The surface temperature of the water of the sea or of rivers 
may be conveniiptly obtained by taking up a bucket-full of water 
and stirring round the thermometer in it. 

The temperature of the water of deep wells may be ascertained 
in the same way, and should be taken monthly, if near the residence 
of the observer. The temperature of rain should also be attended 
to at times ; it may be determined by receiving the rain in a lifien 
funnel, totally enclosed in a tin case to prevent cooling by evapora- 
tion from the linen. 

The temperature of the soil at different depths is a point of con- 
siderable importance. For this purpose excavations should be 
made in a dry sheltered situation, S, 6, and 9 feet deep, and lined 
with brick or earthenware tubes. In the bottom of these excavations 
earthenware quart bottles may be carefully placed, filled with water, 
spirit, or brine, and corked. They must be carefully covered with 
tow or cotton, and drawn up on the days of horary observation *, 
and their temperatures taken by an accurate thermometer, and re- 
gistered apart. 

As a general caution it may be mentioned, that the standard ther- 

* See p. S8. 
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mometer should never be exposed to risk by application to suck 
purposes, but thermometers which have been compared and cor- 
rected by comparison with it. 

3. ACTINOMETERS. 

Amongst the observations of highest importance must be ranked 
those of the force of solar and terrestrial radiation. The most per- 
fect means of observing the former is afforded by the actinometer. 

This instrument consists of a large hollow cylinder of glass, sol- 
dered at one end to a thermometer-tube, terminated at the upper end 
by a ball drawn out to a point, and broken off, so as to leave the end 
open. The other end of the cylinder is closed by a silver or silver- 
plated cap, cemented on it, and furnished with a screw, also of silver, 
passing through a collar of waxed leather, which is pressed into for- 
cible contact with its thread, by a tightening-screw of large diameter 
enclosing it, and working into the silver cap, and driven home by the 
aid of a strong steel key or wrench, which accompanies the instrument. 

The cylinder is filled with a deep blue liquid (ammonio-sulphate 
of copper), which ought to have been prepared some months be- 
forehand, as it deposits a sediment when fresh, however clear or 
carefully filtered. This sediment, if deposited in the interior of 
the instrument, may be washed out with weak muriatic acid, which 
should itself be removed by water before refilling the instrument, 
and the ball at the top being purposely left full of air, and the 
point closed with melted wax, it becomes, in any given position 
of the screw, a thermometer of great delicacy, capable of being 
read off on a divided scale attached. The cylinder is enclosed in a 
chamber blackened on three sides, and on the fourth, or face, de- 
fended from currents of air by a thick glass, removeable at pleasure. 

The action of the screw is to diminish or increase at pleasure the 
capacity of the hollow of the cylinder, and thus to drive, if necessary, 
a portion of the liquid up into the ball, which acts as a reservoir, or, 
if necessary, to draw back from the reservoir such a quantity as shall 
just fill it, leaving no bubble of air in the cylinder. 

To ttse the instrument^ examine first whether there be any air in 
the cylinder, which is easily seen by holding it level, and tilting it, 
when the air, if any, will be seen to run along it. If there be any, 
hold it upright in the left hand, and the air will ascend to the root of 
the thermometer-tube. Then, by alternately screwing and unscrew- 
ing the screw with the right hand, as the case may require, it will 
always be practicable to drive the air out of the cylinder into the 
ball, and suck down liquid, if any, from the ball, to supply its place, 
till the air is entirely evacuated from the cylinder, and the latter, as 
well as the whole stem of the thermometer- tube, is full of the liquid 
in an unbroken column. Then, holding it horizontally, face up- 
wards, slowly and cautiously unscrew the screw, till the liquid re- 
treats to the zero of the scale. 

The upper bulb is drawn out into a fine tube, which is stopped 
with wax. When it is needed to empty, cleanse, and refill the instru- 
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ment, liquid mu8t first be forced up into the ball, so as to compress 
the air in it. On wanning the end, the wax will be forced out, and 
the screw being then totally unscrewed, and the liquid poured out, 
the interior of the instrument may be washed with water slightly 
acidulated, and the tube, ball, &c. cleansed, in the same way, after 
which the wax must be replaced, and the instrument refilled. 

To make an observation with the actinometer, the observer must 
station himself in the sunshine, or in some sharply terminated sha- 
dow, so that without inconvenience, or materially altering his situ- 
ation, or the exposure of the instrument in other respects, he can 
hold it at pleasure, either in full sun or total shadow. If placed in 
the sun, he must provide himself with a screen of pasteboard or tin 
plate, large enough to shade the whole of the lower part or chamber 
of the instrument, which should be placed not less than two feet 
from the instrument, and should be removeable in an instant of 
time. The best station is a room with closed doors, before an open 
window, or under an opening in the roof into which the sun shines 
freely. Draughts of air should be prevented as much as possible. 
If the observations be made out of doors, shelter from 'gusts of wind, 
and freedom from all penumbra! shadows, as of ropes, rigging, 
branches, &c. should be sought. Generally, the more the observer 
is at his ease, with his watch and writing-table beside him, the better. 
He should have a watch or chronometer beating at least twice in a 
second, and provided with a second hand; abo a pencil and 
paper ruled, according to the form subjoined, for registering the ob- 
servations. Let him then grasp the instrument in his left hand, or 
if he have a proper stand (which is. preferable on shore or in a 
building*), otherwise firmly support it, so as to expose its face per- 
pendicularly to the direct rays of the sun, as exactly as may be. 

The liquid, as soon as exposed, w^ill mount rapidly in the stem. 
It should be allowed to do so for three or four minutes before the 
observation begins, taking care, however, not to let it mount into 
the bulb, by a proper use of the screw. At the same time the tube 
should be carefully cleared (by the same action) of all small broken 
portions of liquid remaining in it, which should all be drawn down 
into the bulb. When all is ready for observation, draw the liquid 
down to zero of its scale, gently and steadily ; place it on its stand, 
with its screen before it, and proceed as follows. 

Having previously ascertained how many times (suppose 20) the 
watch beats in five seconds, let the screen be withdrawn at ten seconds 
before a complete minute shown by the watch, suppose at 2^ 14?™ 
50". From 50* to 55^, say 0, 0, 0, .... at each beat of the watch, 
looking meanwhile that all is right. At SS*^ complete, count 0, 1, 2, 
.... up to 20 beats, or to the whole minute, 2^ 15™ 0*, keeping the 
eye not on the watch, but on the end of the rising column of liquid. 
At the 20th beat read off*, and register the reading (12°'0), as in co- 

* This may consist of two deal boards, 18 inches long, connected by a hinge, 
and kept at any required angle by an iron, pointed at each end. The npper sho^d 
have a little rabbet or moulding fitting loosely round the actinometer, to ^event 
its dipping off. 
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lumn Sy A> of the annexed form. Then wait, watching the column 
of air above the liquid, to see that no blebs of liquid are in it, or at 
the opening of the upper bulb (which will cause the movement of 
the ascending column to be performed by starts), till the minute is 
nearly elapsed. At the 50th second begin to watch the liquid rising ; 
at 55^ begin to count 0, 1,2, up to 20 beats, as before, attentively 
watching the rise of the liquid ; and at the 20th beat, or complete 
minute (2^ 16" 0") read off, and instantly shade the instrument, or 
withdraw it just out of the sun and penumbra. Then register the 
reading off (43° 3) in column 3, B, and prepare for the shade obser« 
vation. All this may be done without hurry in 20 seconds, with time 
also to withdraw the screw if the end of the column be inconveniently 
high in the scale, which is often required. At the 20th second pre- 
pare to observe ; at the 25th begin to count beats, 0, 1, 2, .... 20; 
and at the 20th beat, i. e. at ^ 16°* 30*, read off, and enter the read- 
ing in column 3, A, as the initial shade reading (45^*2). Th^n wait 
as before till nearly a minute has elapsed, and at 2^ 17™ 20" again 
prepare. At 17° 25* begin to count beats ; at 17°* 30* read off, and 
enter this terminal shade reading (42^*8) in column 3, B, and if 
needed, withdraw the zero. 

Again wait 20*, in which interval there is time for the entry, 
&c. At 17™ 50* remove the screen, or expose the instrument in 
the sun ; at 55* begin to count beats ; and at the complete minute, 
18™ 0*, read off (14°*8), and so on for several alternations, taking 
care to begin and end eaxh series toith a sun observation* If the in- 
strument be held in the hand, care should be taken not to change 
the inclination of its axis to the horizon between the readings, or the 
compressibility of the liquid by its own weight will produce a very 
appreciable amount of error. 

In the annexed form column 1. contains the times, initial and ter- 
minal of each sun and shade observation. Column 2. expresses by 



1. 

Date and times of ob- 
servation. 
Feldhausen, 1837, 
Oct. 30. 


2. 

© 

5 « 
Is 


3. 

Readings of the 
Instrument. 


4. 

Change 

per 
minute. 
B- A. 


5. 

Radia. 

tion in 

parts of 

scale. 


6. 

Remarks. 


Initial. 


Terminal. 


A. 

Initial. 


B. 
Terminal. 


h m 8 
2 15 
16 30 

18 

19 30 
21 

23 30 

24 


m s 

16 

17 30 

19 

20 30 

22 

23 30 
25 


o 

X 

o 

X 

o 

X 

o 


4-12-0 
45-2 
14-8 
280 
9-4 
46-6 
9-0 


4-43-3 
42-8 
48-2 
26-8 
43-9 
45-5 
43*2 


4-31-3 

- 2-4 
4-33-4 

- 1-4 
4-33-5 

- 1-1 
4-34-2 




r The times are reduced to mtpO' 
y retd time, or to the sun's hour 
L angle txom the meridian . 

Zero withdrawn. 

f General mean per formula = 3473 
I for2ik ^Xfl^ 0' of apparent time. 


34-75 
35-40 
34-85 
34-75 
34-95 





an appropriate mark, © and x , the exposure, whether in sun or 
shade. Column 3. contains the readings, initial and terminal (A 
and B). Column 4. gives the values of B — A, with its algebraical 
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sign expressing the rise and fall per minute. And here it may be 
observed, that if by forgetfulness the exact minute be passed, the 
reading off may be made at the next lO*^, and in that case the entry 
in column 4 must be not the whcie amount of B — A, but only ^ths 
of that amount, so as to reduce it to an interval of 60^ precise. Co- 
lumn 5. contains the radiations as derived from successive triplets, 
©xO, xOx,Ox0> &c. by the formula presently to be 
stated ;. and in column 6. are entered remarks, such as the state of 
the sky, wind, &c. ; as also (when taken) the sun's altitude, baro- 
meter, thermometer, and other readings, &c. 

The formula of reduction is as follows. Let 0, x> 0'> x', 
0'') x "» &c. represent the numbers in column 4, with their signs 
in order, as they stand, or the values of B — A. Then will the 
numbers in column 5 be respectively, 

+ Q + Q'-x 



+ 0' 





2 


X 


+ x' 




2 ^ 


O' 


' + 0" 




2 


X 


'+ x" 



+ ^ T^ -X' 



2 + ®"' 

and so on, the algebraic signs being carefully attended to. Thus 

34-75 = + -~^-t --* + 2-4 

2 

-35-30 = + ^'^ "t ^'^ + 33-4, &c. 

The mean of a series not exceeding three or four triplets may be 
had by the formula 

-f 0^ + 0^^ -I- &c. _ X -I- x^ 4- &c. 
n w — 1 ' 

where n is the number of sun observations, the time corresponding 
being the middle of the middle shade observation. 

A complete actinometer observation cannot consist of less than 
three sun and two shade observations intermediate ; but the more 
there are taken the better, and in a very clear sunny day it is highly 
desirable to continue the alternate observations for a long time, even 
from sunrise to sunset, so as to deduce by a graphical projection the 
law of diurnal increase and diminution of the solar radiation, which 
will thus readily become apparent, provided the perfect clearness of 
the sky continue, — an indispensable condition in these observations, 
the slightest cloud or haze over the sun being at once marked by a 
diminution of resulting radiation. 
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To detect such haze or cirrus, a brown glass applied, before the 
eye is useful, and by the help of such a glass it may here be noticed 
that solar hsdos are very frequently to be seen when the glare of 
light is such as to allow nothing of the sort to be perceived by the 
unguarded eye. 

It is, as observed, essential that the instrument be exposed a few 
minutes to the sun, to raise its temperature in some slight degree. 
If this be not done, owing to some cause not very obvious, the first 
triplet of observations (sun, shade, sun) will give a radiation percep- 
tibly in defect of the truth, as will become distinctly apparent on 
continuing the series. But it may be as well for a beginner to com- 
mence at once reading as soon as the instrument is exposed, and re- 
ject the first two triplets, by which he will see whether he has all 
his apparatus conveniently arranged, and get settled at his post. 

When a series is long continued in a good sun, the instrument 
grows very hot, and the rise of the liquid In the sun observation de^ 
creases, while the fall in the shade increases ; nay, towards sunset it 
will fall even in the sun. This phenomenon (which is at first 
startling, and seeming to impeach the fidelity of the instrument) is, 
in fact, perfectly in order, and produces absolutely no irregularity in 
the resulting march of the radiation. Only it is necessary in casting 
up the result (in col. 5.) to attend carefully to the algebraic signs 
of the differences in column 4>, as in the following example (which, 
as well as that above given, is one of actual occurrence). 



I. 

Date and times of ob. 

•erration. 

V^ynberg, Nov. 84, 

1837. 


2. 

Exposure, 
sun or 
•hade. 


3. 

Readings of the 
Instrument. 


4. 

Change 

minute. 
B-A. 


5. 

Radia. 

tionin 

parts of 

scale. 


6. 
Remarks, 


Initiala 


Terminal. 


A. 
Initial. 


B. 

Terminal. 


h m 8 
& 5 15 
9 
10 30 

12 

13 30 
15 

6 19 15 


m 8 

*io "o 

11 30 

13 

14 30 
16 


• •* 

o 

X 

o 

X 

o 






. 




Alt. of ©as 70 19^. 

Cirrus base co. 
ming on. 

Alt. of © = 40 57'. 


+ 90 
230 
340 
28-5 
12-0 


+ 97 

10-8 

31-4 

170 

80 


-h 0-7 
-12-2 

- 2-6 
-11-5 

- 40 


11-25 
9-25 
8-20 













Every series of actinometer observations should be accompanied 
with notices in the column of remarks of the state of the wind and 
sky generally, the approach of any cloud (as seen in the coloured 
glass) near to the sun ; the barometer and thermometers, dry and 
toet, should especially be read off more than once during the series, 
if a long one, and, if kept up during several hours, hourly. The 
times should be correct to the nearest minute, at least as serving to 
calculate the sun's altitude; but if this be taken (to the nearest 
minute or two) with a pocket sextant, or even by a style and shadow, 
frequently (at intervals of an hour or less) when the sun is rising or 

F 
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setting, it will add much to the immediate interest of the observa- 
tions* When the sun is near the horizon, its reflection from the sea, 
or any neighbouring water, must be preveuted from striking on the 
instrument ; and similarly of snow in cold regions, or on great ele- 
vations in alpine countries. 

Every actinometer should be provided with a spare glass, and all 
the glasses should be marked with a diamond ; and it should always 
be noted at the head of the column of remarks ; which glass is used, 
as the co-efficient of reduction from the parts of the scale (which are 
arbitrary) to parts of the unUofraditUion varies with the glass used* 

In the case of the actinometers sent out with the Expedition and 
to the fixed observatories, it was not practicable to ascertain these 
co^efficients for each instrument and each glass, owing to the total 
absence of any favourable opportunity of sunshine. The values of 
the parts of the respective scales of the instruments, as determined 
approximatively by careful measurement of the dimensaons, were as 
follows : — 



Marki of the ActinometefSi 



Maker*! Mark. 



1 
2 
3 
A 4 
A 5 
6 



Private Mark. 



K 
L 

M 
N 
O 
P 



Multiplier for re- 
ducing parts ob- 
senred to parts of 
a standard retain- 
ed in possession, 
marked A 1. 



1-4909 
1-3726 
1-4020 
1-6550 
1-4403 
1-0608 



Approximate va- 
lue of one part of 
scale in Actines. 



7-085 
6-523 
6-663 
7*864 
6-844 
5-041 



The dimensions of the instruments which are used in these re- 
ductions are, 

1st. The external diameter of the cylinder containing the co- 
loured liquid, i. e* its mean diameter, if on measurement with fine 
callipers its two ends be found to differ. 

2nd. The length of that portion of it which receives the sunbeam. 

The product of these two data gives the area of the section of 
the sunbeam efiective in raising the temperature, and which, though 
not all equally efiective, by reason of the cylindrical form of the 
glass, is yet effective in the same ratio in all of them by reason of 
their general similarity of figure. 

3rd. The content (in water grains) of 100 parts in length of 
the capillary tube used for the scale. This may best be determined 
by gauging it with mercury before it is soldered to the cylinder, and 
ought always to be so determined by the maker ; but when fitted, 
this is impracticable, and the measurement of the element in ques- 
tion must be performed as follows :-~ 
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The instrument being placed liorizontally^ and allowed to attain 
the precise temperature of the apartment, let the liquid be brought 
to zero by the motion of the screw ; after which let the screw be 
turned precisely one revolution, or half revolution (as the scale may 
require) in, and note the rise of the liquid in parts of the scale* 
This must be done several times, alternately screwing in and (mt. 
The screw must then be taken out ; its threads counted, and the 
weight of water displaced from a narrow vessel exactly full, by the 
immersion of the whole length occupied by the thread exactly 
ascertained by a nice balance ; after which a very simple calcula- 
tion will give the value of the parts of the scale in water grains 
required ; this process was followed in the case of the instruments 
above mentioned, and if carefully conducted is susceptible of great 
precision. 

The glasses as well as the cylinders and capillary stems of the in- 
struments, if accidentally broken, should have their fragments care- 
fulty preserved and labelled. 

The unit of solar radiation to be adopted in the ultimate reduc- 
tion of the actinometric observations is the ocft'ne, by which is under- 
stood that intensity of solar radiation, which at a vertical incidence, 
and supposing it wholly absorbed, would suffice to melt one mil- 
lionth part of a metre in thickness, from the surface of a sheet of ice 
horizontally exposed to its action per minute of mean solar time ; 
but it will be well to reserve the reduction of the radiations as ex- 
pressed in parts of the scale to their values in terms of their unit 
until the final discussion of the observations. 

Meanwhile, no opportunities should be lost of comparing together 
the indications of different actinometers under similar and favourable 
circumstances, so as to establish a correspondence of scales, which 
in case of accident happening to one of the instruments, will pre- 
serve its registered observations from loss. 

The comparison of two actinometers may be executed by one ob- 
server using alternately each of the two instruments, thus. 



Instrument A. 


Instrument B.. 


A. 


Etc 


o 

X 

o 


o 

X 

o 


o 

X 

o 





beginning and ending with the same ; though it would be more con- 
veniently done by two observers observing simultaneously at the 
same place, and each registering his own instrument. An hour or 
two thus devoted to comparisons in a calm clear day, and under easy 
circumstances, will in all cases be extremely well bestowed. 

Neither should each observer neglect to determine for himself the 
heat stopped by each of his glasses. This may be done also by al- 
ternating triplets of observation made with the glass oh and off, thui| 

f2 
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Glass off. 


Glass on. 


Glass off. 


Etc. 


o 

X 

O 


o 

,x 

o 


o 

X 

o 





beginning and ending with the glass off, and (as in all cases) begin- 
ing and ending each triplet with a sun observation. For the pur- 
pose now in question a very calm day must be chosen, and a great 
many triplets must be taken in succession. It will be found that a 
single thickness of the ordinary blueish or greenish plate glass stops 
about 0*20 (=1-) of the incident calorific rays ; a second glass 
about 0*16 (or a materially less proportion) of those which have 
escaped the action of the first. No two glasses, however, are pre- 
cbely alike in this respect. 

Very interesting observations may be made by two observers fur- 
nished with well-compared actinometers, the one stationed at the sum- 
mit, the other at the foot of some great elevation, especially if the 
stations can be so selected that the observers shall be nearly in the 
line of the incident sunbeam at the time of observation, so as both 
to lie in the atmospheric column traversed by the rays. Many con- 
venient stations of this kind might be found in mountainous coun- 
tries; and by repeating the observation two or three times under fa- 
vourable circumstances, interchanging observers and instruments, 
&c., and accompanying the observations with all circumstantial and 
local elements of precision, there is no doubt that the co-efficient of 
extinction of solar heat in traversing at least the lower strata of our 
atmosphere might be obtained with much exactness, and thus a highly 
valuable datum secured to science. The observers would, of course, 
agree to make their observations strictly simultaneous, and should, 
therefore, compare watches before parting. 

The actinometer is also well calculated for measuring the defalca- 
tion of heat during any considerable eclipse of the sun, and the Com- 
mittee would point out this as an object worthy of attention ; as 
many eclipses invisible or insignificant in one locality, are great, 
or even total in others. The observations should commence an 
hour at least before the eclipse begins, and be continued an hour 
beyond its termination, and the series should be uninteiTUpted, 
leaving to others to watch the phases of the eclipse. The atmos<* 
pheric circumstances should be most carefully noted during the 
whole series. 

Though out of the question in the circumstances immediately un- 
der contemplation, it may not be amiss to remind aeronauts, that 
observations of the actinometer may, no doubt, be made with con« 
siderable ease and precision in the car of a balloon, and if accom- 
panied with good barometric and hygrometric simultaneous obser- 
vations aloft and below, as well as with a careful and copious re- 
gistery of the temperatures of the air corresponding to each succes-^ 
sive step of depression in the barometric column, would in every 
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point of view be most precious, especially as respects the intricate 
problem of astronomical refractions for the solution of which such 
a series of data could not fail to be most valuable, thus adding one 
to the many useful subjects of inquiry in those hitherto almost use* 
less adventures. For the purpose of securing a steadily progressive 
ascent, it would be desirable that the ballast should be discharged 
continuously and not in large quantities at a time. 

4» Radiating Thermometers. 

As the actinometer can only be observed at intervals in per- 
fectly clear weather, additional information with regard to solar 
radiation, of much interest, though not of so precise a nature, may 
be obtained, by the daily register of the maximum temperature of a 
register thermometer, with a blackened bulb exposed to the full ac- 
tion of the sun's rays. It may be placed about an inch above the 
bare soil, and screened from currents of air. The maximum tem- 
perature indicate by such a thermometer, even in cloudy weather, 
will generally be considerably above that of the air, and the maxima 
and mean daily maxima of its indications will, after a long series 
of observations, afford data of the utmost value to the history of 
climates. The bulb of the thermometer should be about half an 
inch in diameter, and it may be uniformly blackened with lamp- 
black and varnish. The graduation should be made upon the glass 
stem, to prevent any inconvenience from the expansion and warping 
of the scale. 

The measure of terrestrial radiation is of no less importance to the 
science of meteorology than that of solar radiation, but no perfect 
instrument has yet been contrived for its determination. Very va- 
luable information, however, may be derived from the daily register 
of the minimum temperature of a register spirit-thermometer, the 
bulb of which is placed in the focus of a parabolic metallic mirror, 
turned towards the clear aspect of the sky, and screened from cur- 
rents. The mirrors furnished to the observatories are of silver- 
plated copper, but planished tin-plate or zinc might be substituted 
without detriment. They are 6 inches diameter and 2 inches deep, 
and the thermometers which are graduated upon the stems pass 
through sockets in their sides, in which they may be accurately ad- 
justed by corks. Their bulbs do not exceed half an inch in diameter. 

Even in the daytime a thermometer so placed, and turned towards 
the clear sky, but away from the rays of the sun, will fall several de- 
grees below the temperature of the surrounding air. 

5. Hygrometers. 

Times of cbservaMon. — Observations of the dew-point hygrometer 
are as desirable at the regular hours as those of the other meteoro- 
logical instruments; but, as more difficulty attends the observation, it 
is more liable to omission, and it is of great importance that when 
one experiment only can be made, the most advantageous hour should 
be selected for the purpose. Now it is probable &at the minimum 
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temperature of the air in the 24f hours may correspond with the 
minimum temperature of the dew-point ; and for the attainment of 
a mean result, the time of the highest dew-point should be selected, 
which would not differ much from 3 p.m., at which hour the obser- 
vation should on no account be omitted. The hygrometer should 
also be observed, if possible, at 9 a.m. and 9 p.m., but the minimum 
temperature might probably be substituted for the 3 a.m. observa- 
tion without any material error. 

At the magnetical observatories the dew-point will be observed 
at the nearest magneHcal hours to the meteorological hours above 
fixed on (3 and 9 a.m* and p.m.). 

Occasional observations of the dew-point under peculiar circum- 
stances, as for instance in the inhabited apartments of houses or be- 
tween the decks of the ships when laid up in their winter quaiters in 
the polar regions, could not but afford information of high practical 
importance. 

All the ether of the dew-point hygrometer should be driven by 
the warmth of the hand from the covered ball into the uncovered, 
previously to an observation, and the ether should be dropped from 
a dropping-bottle very slowly upon the former. The temperature of 
the interior thermometer should be carefully noted upon the first ap- 
pearance of the ring of dew upon the black bulb, and also its tem- 
perature upon its disappearance : the mean of the two observations, 
should they differ, may be entered as the dew-point, together with 
the temperature of the air by the exterior thermometer. 

The ivet'bulb hygrometer can be observed without difficulty, by 
mere inspection, and the observation should never be neglected at 
the regular hours. It is probable that the temperature of evapora- 
tion thus ascertained may afford the means of accurately determining 
the dew-point, and of solving all the points of hygrometry ; but untu 
all the necessary corrections shall have been agreed upon, one of the 
most essential requisites must be its frequent and accurate compa- 
rison with the dew-point, directly ascertained. 

The instruments supplied to the observatories are fitted with water- 
holders for keeping the bulb of the thermometer moist; but it 
should be observed, that the fioss-silk, after being some time in use, 
has its faculty of conducting moisture greatly diminished, if not 
destroyed, and therefore requires to be renewed from time to time. 
When proper time can be afforded to allow; the thermometer to 
take up its stationary temperature, it is, perhaps, best to moisten the 
ball for each observation. By urging upon the wet bulb a jet of air 
from a small double-bellows, the maximum depression may be ob- 

tained in a few seconds. In fact, the formulay"=y^— -^^ x -^ 

investigated by Dr. Apjohn, was tested under these circumstances, 
and he is of opinion that there will always be a small difference be- 
tween the depression occurring in air at rest, and sweeping by the 
thermometer in a rapid current. 

In this formula,/" is the tension of steam at the dew-point ; /' 
its tension at the temperature of the hygrometer; d the depres- 
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sion, or difference between the hygrometer and the air ; 88 a co- 
efficient depending upon the specific heat of air and the caloric of 
elasticity of its included vapour ; p the existing and 30 the mean 
pressure of the air. 

The hygrometers should be placed in the observatory, near to the 
standard ti^ermometer, with which they should be frequently com- 
pared. 

6. VaneSi Anbmombtkrs, and Rain Gauges. 

The magnetic observatories and the Antarctic Expedition have 
been furnished with Osier's self-registering anemometer and rain- 
gauge. 

In this instrument the direction of the wind is obtained by means 
of the vane attached to the rod, or rather tube, that carries it, and 
consequently causes the latter to move with itself. At the lower ex* 
tremity of this tube is a small pinion working in a rack, which slides 
backwards and forwards, as the wind moves the vane ; and to this 
rack a pencil is attached, which marks the direction of the wind on 
a paper ruled with the cardinal points, and so adjusted as to progress 
at the rate of 1 inch per hour, by means of a clock ; the force is at 
the same time ascertained by a plate 1 foot square, placed at right 
angles to the vane, supported by imo light bars running on friction- 
rollers, and communicating with three spiral springs in such a way that 
the plate cannot be affected by the wind's pressure without instantly 
acting on the springs, and communicating the quantum of its action 
by a wire passing down the centre of the tube, to another pencil 
below, which thus registers its degree of force. The rain is re* 
gistered at the same time by its weight acting on a balance, which 
moves in proportion to the quantity falling, and has also a pencil at- 
tached to it, recording the results. The receiver is so arranged as 
to discharge every half inch that falls, when the pencil again starts 
at zero. 

It is probable that the results obtained with this instrument would 
require correction for the varying effects of the eddy, which must 
be formed behind the board before they can be considered as exact 
measures of the pressure ; and the effects of variations of temperature 
upon the force of the springs should be experimentally ascertained, 
particularly in very cold climates. This latter point may be deter- 
mined by measuring the compression directly by the application of 
known weights. 

Another self-registering anemometer has recently been constructed 
by Professor Whewell, which exhibits upon a diagram not only the 
direction and force, but the direction and integral effect of the wind, 
but which is more complex in its construction, and practically more 
liable to derangement. 

In it a small set of windmill vanes, something like the ventilators 
of windows, are presented to the wind by a common vane, in what- 
ever direction it may blow. The current, as it passes, sets these 
vanes in rapid motion, and a train of wheels and pinions reduces the 
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motion, which is thence communicated to a pencil traversing verti- 
cally, and pressing against an upright cylinder, which forms the sup- 
port of the instrument: 1000 revolutions of the fly only cause the 
pencil to descend ^th of an inch. The surface of the cylinder is 
covered with white paper, and the pencil, as the vane wavers, keeps 
tracing a thick irregular line, like the shadings on the coast of a 
map. The middle of the line may be easily traced, and it gives the 
mean direction of the wind, while the length of the line is propor- 
tional to the velocity of the wind and the length of time during 
which it blows in each direction. 

Those who do not possess a register-anemometer may make use 
of the common vane and Lind's wind-gauge. The position of the 
former should be clear of all deflections and eddies from objects of 
the same or a higher level, and of course its position with regard to 
the true north should be clearly determined. In registering the di- 
rection of the wind it may be sufficient to use only 16 points of the 
-compass. 

Lind's wind-gauge 4br measuring the force or momentum of the 
wind is adjusted for use by filling it with water till the liquid in 
both legs of the siphon corresponds with the 0^ of the scale. It is 
to be held perpendicularly, with the mouth of the kneed tube turned 
towards the wind, and the amount of the depression in one leg, and 
that of its elevation in the other, ai*e to be carefully noted. The sum 
of the two is the height of a column of water which the wind is ca- 
pable of sustaining at the time, and every body that is opposed to 
that wind will be pressed upon by a force equivalent to the weight 
of a column of water, having its base equal to the surface that is 
opposed, and its height equal to the altitude of the column of water 
sustained by the wind in the wind-gauge. 

The height of this column being given, the force of the wind on 
a foot square is easily found by a table which will be given in the 
Appendix* 

The observation of the gauge should always be made at the same 
point of a free space, and in gusty weather the maximum of the os- 
cillation recorded. The most proper periods will be those of the 
other regular observations; but in great storms, or under other par- 
ticular circumstances, occasional observations should be made, and 
registered apart. 

Even in observatories which are provided with Osier's apparatus 
it is desirable that an accurate comparison should be made of the 
two anemometers. 

The points most important to remark respecting the wind are, 

1st. Its average intensity and general direction during the several 
portions of the day devoted to observation. 

2ndly. The hours of the day or night when it commences to blow 
from a calm, or subsides into one from a breeze. 

Srdly. The hours at which any remarkable changes of its direc- 
tion take place. 

45thly. The course which it takes in veering, and the quarter in 
which it ultimately settles. 
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5thl}r* The usual course of periodical mnd$f or such as remark- 
ably prevail during certain seasons, with the law of their diurnal 
progress, both as to direction and intensity ; at what hours, and by 
what degrees they commence, attain their maximum, and subside ; 
and through what points of the compass they run in so doing. 

6thly. The existence of crossing currents at different heights in 
the atmosphere, as indicated by the courses of the clouds in (Merent 
strata. 

7thly. The times of setting-in of remariuibly hot or cold winds, 
the quarters from which they come, and their courses, as connected 
with the progressive changes in their temperature. 

8thly. The connexion of rainy, cloudy or fair weather, with the 
quarter from which the wind blows, or has blown for some time pre- 
viously. 

The Rain-gauge may be of very simple construction. A cubical 
box of strong tin or zinc, exactly 10 inches by the side, open above, 
receives at an inch below its edge a funnel, sloping to a small hole 
in the centre. On one of the lateral edges of tiie box, close to the 
top of the cavity, is soldered a short pipe, in which a cork is fitted. 
The whole should be well painted. The water which enters this 
gauge is poured through the short tube into a cylindrical glass ves- 
sel, graduated to cubic inches and fifths of cubic inches. Hence 
one inch depth of rain in the gauge will be measured by 100 inches 
of the graduated vessel, and Wrn-th inch of rain may be very easily 
read off. 

It is very much to be desired that, being of such easy construc- 
tion, more than one of these gauges should be erected, or at least 
one placed with its edge nearly level with the ground, and another 
upon the top of the highest building, rock, or tree in the immediate 
vicinity of the place of observation, the height of which must be 
carefully determined ; it having been satisfactorily ascertained that 
the height of the gauge above the ground is a very material element 
in the quantity of rain which enters it The quantity of water should 
be daily measured and registered at 9 a.m. 

7. Clouds and M£T£ors. 

Many very highly-interesting observations may be made, without 
the aid of instruments, upon the clouds. In describing them Mr. 
Howard's nomenclature may be adopted with great advantage. By 
means of the clouds different simultaneous currents of wind may 
often be detected, the different directions of which should be care- 
fully ascertained by referring their motions to some fixed object. 
Their gradual evaporation or precipitation should also be carefully 
noted, and particularly their regular disappearance at night, or their 
more irregular and sudden formation. 

Rainbows, parhelia, haloes, &c., will of course be noted amongst 
the occasional remarks of the register ; and an attempt should be 
made to express approximatively by numbers, the proportion which 
the overcast portion of the sky may bear to the clear space. For 
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this the hemisphere may be supposed to be dmded into eight sec- 
tions, and the cloudy portion may be expressed by the fraction ^ik 
or f ths, &c. ^ 

8. Electrometers. 

The Committee are fully impressed with the high importance of 
regular observations on the electrical state of the atmosphere ; but 
they are not prepared to suggest any means of effecting tins desirable 
object, which will at all correspond with the present advanced state 
of electrical physics. At no distant period they hope to see supplied 
a defect which is certainly a reproach to science. In the meantime 
much valuable information might be acquired by observations of an 
electroscope, on one of the ordinary constructions connected with a 
lofty insulated wire. 

In erecting such a wire, proper precautions should be taken against 
accidents by preparing a sufficient conductor in its immediate vici- 
nity, by which a communication could be at once opened with the 
ground in case of any sudden and dangerous accumulation of the 
electric fluid. 

As a temporary contrivance, a common jointed fishing-rod, having 
a glass stick well varnished with shell lac, substituted for its smallest 
joint, may be projected into the atmosphere. To the end of the 
glass must be fixed a metallic wire terminating in a point, and con- 
nected with an electroscope by means of a fine copper wire. If the 
wire be made to terminate in a spiral wrapped round a piece of cotton 
dipped in spirits of wine and inflamed, its power of collecting elec- 
tricity will be sometimes doubled, but great precautions are neces- 
sary when this mode is employed. When the electroscope has been 
charged, the nature of the electricity may be tested in the usual way 
by excited glass or sealing wax. 

The principal electroscopes which are capable of being employed 
to ascertain the electrical state of the atmosphere, or rather to com- 
pare its state at any given elevation with the state of the medium in 
contact with the instrument, are the following. 

1. De Saussure's Electrometer, which consists of two fine wires, 
each terminated by a small pith ball, and adapted to a small metal rod 
fixed in the upper part of a square glass cover, upon one of the faces 
of which a divided scale is marked, in order to measure the angles 
of deviation of the two balls. 

2. Volta's Electrometer, formed of two straws about 2 inches long 
and ^th of a line broad, suspended from two small very moveable 
rings adapted to a metal rod : to measure the deviation of the straws 
a telescope with a nonius is employed. 

3. Singer's Electrometer, consisting of two slips of gold leaf sus- 
pended from the rod. 

4j. Bohnenberger's Electroscope, formed of a single strip of gold 
leaf suspended from the conducting rod between two dry piles, the 
negative pole of one and the positive pole of the other being upper- 
most : this arrangement has the advantage of indicating the kind of 
elect.ricity communicated to the conductor. 
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The observations made with these and similar instruments have 
demonstrated that in serene weather the electricity of the atmosphere 
is always positive with regard to that of the earth, and that it be- 
comes more and more positive in proportion to its elevation above 
the earth's surface; so that if an observer be on a mountain or in a 
balloon, if his conductor be directed downwards to reach an inferior 
stratum of air, his electroscope will indicate negative electricity ; and 
if it be sent upwards into a superior stratum, positive electricity will 
be manifested. Various means have been resorted to in these ex- 
periments, such as connecting one of the extremities of the conduct- 
ing wire to a kite, a small balloon, or the head of an arrow, the 
other extremity remaining attached to the electroscope. 

It has been ascertained by the observations of De Saussure, Schub- 
ler, Arago and others, that the positive electricity of the atmosphere 
is subject to diurnal variations of intensity, there being two maxima 
and two minima during the twenty-four hours. The first minimum 
takes place a little before the rising of the sun ; as it rises, the in- 
tensity, at first gradually and then rapidly, increases, and arrives at 
its first maximum a few hours after. This excess diminishes at first 
rapidly and afterwards slowly, and arrives at its minimum some hours 
before sunset ; it re-ascends when the sun approaches the horizon, 
and attains its second maximum a few hours after, then diminishes 
till sunrise, and proceeds in the order already indicated. The in- 
tensity of the free electricity of the atmosphere has also been found 
to undergo annual changes, increasing from the month of July to 
the month of November inclusive, so that the greatest intensity 
occurs in winter, and the least in summer. 

In cloudy weather the free electricity of the atmosphere is still 
positive. During storms, or when it rains or snows, the electricity 
is sometimes positive and sometimes negative, and its intensity is 
always much more considerable than in serene weather. The elec- 
troscope will, during the continuance of a storm, frequently indicate 
several changes, from positive to negative. 

The above is a short summary of almost all that is known respecting 
the laws of atmospheric electricity. It will be highly important to 
obtain a series of observations equal in accuracy to those made by 
Schubler at Frankfort in 1811 and 1812, simultaneously with the 
observations of the hygrometer, barometer, thermometer, &c. Com- 
bined observations at a number of different stations cannot fail to 
give us important information respecting the distribution of the free 
electricity in the atmosphere, and the extent and nature of the dis- 
turbances to which it is subject ; but to render the results valuable 
it will be necessary to have instruments comparable with each other, 
and this may be a difficult matter to effect*. 

Very recently a new method of investigating the electric state of 
the atmosphere has been proposed, likely to lead hereafter to very 
certain and valuable results ; but it has not been sufficiently put in 

* For a fuller account of i/vhat is known respecting atmospheric electricity, and 
the mode of conducting the observations, see Becquerel's Traits de FJSlectricite, 
t. iv. pp. 78 — 125. 
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practice to enable the Committee to recommend, at the present mo- 
ment, the best form of instrument for making simultaneous and com- 
parable observations, or the proper precautions to guide the observer 
in manipulating it. 

For the principle of this instrument we are indebted to Mr. Col- 
ladon of Geneva. He found, that if the two ends of the wire of a 
galvanic multiplier, consisting of very numerous coils well insulated 
from each other, were brought in contact, one with a body positively, 
and the other with a body negatively charged, a current of electricity 
passes through the wire, until equilibrium is restored ; the energy and 
direction of this current is indicated by the deviation of the needle 
from the zero-point of the scale. This instrument is applied to the 
purpose of ascertaining and measuring the atmospheric electricity, 
by communicating one end of the wire with the earth, and allowing 
the other to extend into the region of the atmosphere, the electrical 
state of which is intended to be compared. 

Thunder storms, of course, should be attended to ; but it is of con- 
sequence also to notice distant, lightning not accompanied with 
thunder audible at the place of observation, especially if it take place 
many days in succession, and to note the quarter of the horizon 
where it appears, and the extent which it embraces. In an actual 
thunder storm, especial notice should be taken of the quantity of rain 
which falls, and of the fits or intermittences of its fall, as correspond- 
ing, or not, to great bursts of lightning, as also of the direction of 
the wind, and the apparent progress of the storm with or against it*. 

9. Registers. 

The Register proposed by the Committee is comprised in two 
skeleton forms, which have been supplied to the magnetical obser- 
vatories and to the Antarctic Expedition. This, it will be observed, 
applies to the meteorological forms about to be specified, independ- 
ent of the more extensive and general forms for the registry of the 
magnetic observations, with their accompanying meteorological en- 
tries, with which the magnetical observatories will be supplied. 

They are each calculated for one month's observation. The first 
form is for the insertion of observations as they are made in their 
uncorrected state. It consists of 12 principal divisions, and is ruled 
across for 31 days, and for the arithmetical convenience of casting 
up the sums and means of the quantities inserted. At the bottom 
of the sheet there is also a space provided for the hourly observations 
of the barometer and thermometers on the twenty first day of the 
months which will be more particularly described after the explana- 
tion of the principal divisions. 

The outside compartments, both on the left and right of the sheet, 
are for the date of the month and the phases of the moon. 

The second compartment is for the height of the barometer, and 
the temperature of the mercury for the four regular periods of ob- 
servation. 

* On these subjects the Committee especially recommend the attentive perusal 
of Aragpo's Notice ewr le Tonnerre, 
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The third compartment is appropriated to the dew-point hygro- 
meter, and contains also four columns for the four daily observations, 
each of which is subdivided into three ; for the temperature of the 
air, the dew-point, and the difference between the two. 

The fourth compartment is for the wet-bulb hygrometer, and is 
similarly divided and subdivided for the temperature of the dry- and 
wet-bulb thermometer, and for their differences. 

The fifth compartment is prepared for the maxima and minima of 
temperature, and is divided into three. In the first division are to 
be recorded the maxima and minima of thermometers carefully 
placed in the shade and screened from radiation. In the second, the 
maxima of a blackened thermometer exposed to the sun, and the 
minima of a thermometer placed in a metallic mirror, and radiating 
freely to the clear sky. The third is devoted to occasional obser- 
vations of the actinometer under favourable circumstances. 

The sixth compartment is for the temperature of the surface-water 
of the sea, or of any river in the immediate neighbourhood of the 
observatory. 

The seventh compartment is prepared for observations upon the 
direction and force of the wind at the four regular hours of registry. 
In the left-hand column of each division is to be recorded the direc- 
tion of the vane, and in the right-hand column the height of Lind's 
gauge, in tenths of an inch of water. 

In the eighth compartment the amount of rain is to be registered 
once in the day ; and in the ninth, the electrical state of the atmo- 
sphere, if possible, at the four periods, 3 a.m., 9 a.m., S p.m., and 
9 p.m. 

The tenth compartment is appropriated to remarks on the clouds, 
and weather generally ; and in the eleventh is to be noted, at noon, 
the longitude and latitude at sea. 

On a careful review of the month's observations, the maxima 
and minima results should have the algebraic signs + and — respec- 
tively affixed. 

7ne second form is devoted to the corrected results of the obser- 
vations, and to the optical comparison together of some of them, by 
their projection upon a scale of equal parts. 

The upper half of the sheet is vertically divided into two equal 
parts, each prepared for half the month's observations, and accord- 
ingly ruled across into sixteen spaces for the daily observations, and 
two for the sums and means of the quantities. Each half is also 
divided into five compartments. 

The first is for the date of the month and the phases of the moon. 

The second for the corrected height of the barometer at S2? Fahr. 

The third is appropriated to the elastic force of the aqueous vapour 
corresponding to the dew-point, and which may be taken from 
Table V. in the Appendix, p. 89. 

The fourth is for the maximum and minimum of temperature, and 
the mean of the two. 

And the fifth for occasional remarks. 

The lower half of the sheet is also vertically divided into two equal 
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/*i 
/af 
/t/ 
//3 

//6 

//S 

/z/ 



/ I a 

3, t 
3 t 



/i£_ 



/a/ 
/af 

//a 

//X 
//^ 
/// 
/// 

J2^ 






t 

3 

it 



/ 
/ 

2. 



1 


1 


t 


z 


J 


2 


h 


^ 


— 





; r 



ft 



s 



,.^N 



it* 

* '. 



tt • 
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£ i^- 



1 



V 
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*v'i»\ i kx.Sl^. 









f *\^ 



H 









f 



I 






I 
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 r- 
V. 
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■V5 - 
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\ 



\ 






"si 

i\ 

I i 



\. 



I \ 
i i 



J  



» V 
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APPENDIX. 



TABLES REFERRED TO IN THE SECTION ENTITLED 
"INSTRUCTIONS FOR MAKING METEOROLOGICAL 
" OBSERVATIONS." 



Table L 
Correction to be added to Barometers for Capillary Action. 



Diameter of Tube. 



inch. 
0-60 
0*60 
0-46 
0-40 
0-35 
0-30 
0-25 
0-20 
0-15 
0-10 



Correction for 



Unboiled Tubes. 



Boiled Tubes. 



inch. 
0-004 



o*^ 



0-007 , e. 

0-010 "^^ 

0-014 *"^F 
0-020*^^ 

0028 ""^^trfc 

en 



ctf 



0-040 
0-060 
0-088^** r u 



0-142 



^Sl, 



inch. 

0-002 , . 
0-003^ / 

0-006 _: ^ 

0-007 

0-010 ;:v 

0-014 ^^ 7 

0-020^^ ^ 

0-029 • . 
0-044 ff > 

0-070 



JP^ 1% 






B 



f/- ?n {^-S^)} £ /4- n ^^-S2)} 
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Table IL Correction to be applied to Barometers with hra*9 sceUes^ 
extending from the cistern to the top of the mercurial column, to 
reduce the observation to 32^ Fahrenheit 





• 


Inches. 








A-»t 


1 


20 


20-5 


21 


2h5 


22 


22*5 


23 


235 




^ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 




r0Z,fi 


•051 


•053 


•054 


•055 


•056 


•058 


•059 


•060 




"•^•^^ lib 


1 


•049 


•051 


•052 


•053 


•054 


•056 


•057 


•058 




2 


•048 


•049 


•050 


•051 


•052 


•054 


•055 


•056 




3 


•046 


•047 


•048 


•049 


•050 


•052 


•053 


•054 




4 


•044 


•045 


•046 


•047 


•048 


•050 


•051 


•052 




5 


•042 


•043 


•044 


•045 


•046 


•048 


•049 


•050 




6 


•040 


•042 


•042 


•044 


«044 


•046 


•047 


•048 




7 


•039 


•040 


•041 


•042 


•042 


•044 


•044 


•046 




8 


•037 


•038 


•039 


•040 


•041 


•041 


•042 


•043 






9 


•035 


•036 


•037 


•038 


•039 


•039 


•040 


•041 




10 


•033 


•034 


•035 


-036 


•037 


•037 


•038 


•039 




JS^ 


11 


•031 


•032 


•033 


•034 


•035 


•035 


•036 


•037 




/J0 

A3J 

y^4 


12 
13 


-030 
•028 


•030 
•029 


•031 
•029 


•032 
•030 


•033 
•031 


•033 
•031 


•034 
•032 


•035 
•033 


k -J 


^w- 


14 
15 


•026 
•024 


•027 
•025 


•027 
•026 


'028 
•026 


•029 
•027 


•029 
•027 


•030 
•028 


•031 
•029 




/ 


2 


16 
17 


•022 
•021 


•023 
•021 


•024 
•022 


•024 
•022 


•025 
•023 


•025 
^023 


•026 
•024 


•026 
•024 


/ 


o 







18 


•019 


•019 


•020 


•020 


•021 


•021 


•022 


•022 




/l 


O 


19 


•017 


•018 


•018 


•018 


•019 


•019 


•020 


•020 


/ 


20 


•015 


•016 


•016 


•016 


•017 


•017 


•018 


•018 


3 


t.i» 


21 


•014 


•014 


*0]4 


•015 


•015 


•015 


•015 


•016 


/ 


/ 




22 


•012 


•012 


-012 


•013 


•013 


-013 


•013 


•014 


s 


23 


•010 


•010 


•010 


•Oil 


•Oil 


•Oil 


•Oil 


•012 


/ 


/ 


24 


•008 


•006 


•009 


•009 


•009 


•ood 


•009 


•010 


> 


/ 


/ 


i»3l 


25 


•006 


•007 


•007 


•007 


•007  


•007 


•007 


•007 


i ' 


2 
Z 




^^ 


•005 


•005 


•005 


•005 


•005 


•005 


•005 


•005 


27 

28 


•003 
•001 


•003 
•001 


•003 
•001 


•003 
•001 


•003 
•001 


•003 
•001 


•003 
•001 


•003 
•001 


^ 


\ / . 


" i -^ 




A«3 


29 


•001 


•001 


•001 


•001 


•001 


•001 


•001 


•001 




•a»A/Z 


30 


•003 


•003 


•003 


•008 


•003 


•003 


•003 


•003 




OU 


31 


•005 


•005 


•005 


•005 


•005 


•005 


•005 


•005 




030 


32 


•006 


•006 


•007 


•007 


•007 


•007 


•007 


•007 






33 


•008 


•008 


•008 


•009 


•009 


•009 


•009 


•010 




34 


•010 


•010 


•010 


•Oil 


•Oil 


•Oil 


•Oil 


•012 




J.2 


35 


•012 


•012 


•012 


•013 


•013 


•013 


•013 


•014 




36 


•013 


•014 


•014 


•014 


•015 


•015 


•016 


•016 




4/J" 


37 


•015 


•016 


•016 


•016 


•017 


•017 


•018 . 


•018 




4^^ 


38 


•017 


•017 


•018 


•018 


•019 


•019 


•020 


•020 




0.fZ 
,^/.0/ 


39 


•019 


•019 


•020 


•020 


•021 


•021 


•022 


•022 




40 


•021 


•021 


•022 


•022 


•023 


•023 


" 024 


-024 


li^ 


/>5» 


41 


•022 


•023 


•024 


•024 


•025 " 


""•025 


•026 


•026 


1 


1^ 


42 


•024 


•025 


•025 


•026 


•027 


•027 


•028 


•028 


X 


43 


•026 


•027 


•027 


•028 


•029 


•029 


•030 


•031 


1 


i;^ 


44 


•028 


•029 


•029 


•030 


•031 


•031 


•032 


•033 


 


45 


•030 


•030 


•031 


•032 


•033 


•033 


•034 


•035 


n 


/,fr 


46 


•031 


•032 


•033 


•034 


' -035 


•035 


•036 


•037 


4 


A^ 


47 


•033 


•034 


•035 


•036 


•036 


•037 


•088 


•039 


7 


A/i 


48' 


•035 


•036 


•037 


•038 


•038 


•039 


•040 


•041 


s^ 


/$^ 


49 


•037 


•038 


•039 


•040 


•040 


•041 


•042 


•043 


e 


^Mf/ 


50 


•038 


•039 


•040 ^ 


•041 


•042 


•043 


•044 


•045 


• 







k 



p 



ZSa 

Hi. 
AM 

rl/ 
r3s 

'0^i,3/ 
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Table II. (continued). 











Inches 


• 








20 


20-5 


21 


21-5 


22 


22-5 


23 


23-5 


^^ 


•ly 


-£«# 


•o^f 


^ v^f* 


••t» 


•ailr 


^r 


gl 


•040 


•041 


•042 


•043 


• ^044 


•045 


•046 


•047 


52 


•042 


•043 


•044 


•045 


X ^046 


•047 


•048 


•049 


53 


•044 


•043 


•046 


•047 


3 -048 


•049 


•050 


•052 


54 


•046 


•047 


•048 


•049 


^ •050 


•051 


•052 


•054 


55 


^ 047 


•049 


•050 


•051 


5 ^052 


•053 


•055 


•056 


56 


•049 


•05Q 


•052 


•053 


k -054 . 


•055 


•057 


•058 


57 


•051 


•052 


•054 


•055 


y -056 
' ^058 


•057 


•059 


^060 


58 


•053 


•054 


•065 


•057 


•059 


•061 


•062 


59 


•055 


•056 


•057 


•059 


•060 


•061 


•063 


'064 


60 


•056 


•058 


•059 


•061 


•062 


•063 


•065 


•066 


61 


•05^ 


•060 


•061 


-062 


•064 


•063 


^067 


'068 


62 


•060 


•061 


•063 


•064 


•066 


•067 


•069 


•070 


63 


•062 


•063 


•063 


•066 


•068 


•069 


•071 


•072 


64 


•063 


•063 


•067 


•068 


•070 


•071 


•073 


•075 


65 


•joea 


•.067 


•068 


^070 


•072 


•073 


•075 


^7* 


66 


•067 


•069 


•070 


•072 


•074 


•073 


•077 


'079 


e7 


•069 


•071 


•072 


•074 


•076 


•077 


•079 


•t)81 


68 


•07# 


•072 


•074 


•076 


•078 


•079 


•081 


•083 


69 


•072 


•074 


•076 


•078 


•080 


•081 


•083 


•083 


70 


•074 


•076 


•078 


•080 


•082 


•083 


•083 


•087 


71 


•076 


•078 


•080 


•082 


•083 


•083 


•087 


'089 


72 


•078 


•080 


•082 


•084 


•083 


•087 


•089 


•091 


73 


•079 


•081 


•083 


•083 


•087 


•089 


•091 


•093 


74 


•081 


•083 


•083 


•087 


•089 


•091 


•093 


•093 


75 


•083 


•083 


•087 


•089 


•091 


•093 


•093 


•098 


76 


•085 


•087 


•089 


•091 


•093 


•095 


•097 


•100 


77 


•087 


., -osd 


•091 


•093 


•095 


•097 


•100 


•102 


78 


•088 


•091 


•093 


•093 


•097 


•099 


•102 


•104 


79 


•090 


•092 


•093 


•097 


•099 


•101 


•104 


•106 


80 


•092 


•094 


•096 


•099 


•lOl 


•103 


•106 


•108 


81 


•094 


•096 


•098 


•101 


•103 


•105 


•108 


•110 


82 


•093 


•098 


•100 


•103 


•105 


•107 


•110 


•112 


83 


•097 


•100 


•102 


•104 


•107 - 


•109 


•112 


•114 


84 


•099 


•101 


•104 


•106 


•109 
•111 


•111 


•114 


•116 


85 


•101 


•103 


•106 


•108 


•113 


•116 


•118 


86 


•103 


•103 


•108 


•110 


•113 


•115 


•118 


-120 


87 


•104 


•107 


•109 


•112 


•115 


•117 


•120 


•123 


88 


•106 


•109 


•111 


•114 


•117 


•119 


•122 


•125 


89 


•108 


•111 


•113 


•116 


•119 


•121 


•124 


•127 


90 


•110 


•112 


•113 


•11$ 


•121 


•123 


•126 


129 


91 


•.Hi 


•114 


•117 


•120 


•122 


•125 


•128 


•131 


92 


•113 


•116 


•119 


•122 


•124 


•127 


•130 


•133 


93 


•113 


•118 


•121 


•124 


•126 


•129 


•132 


•135 


94 


•117 


•120 


•122 


•125 


•128 


»131 


•134 


•137 


95 


•118 


•121 


•124 


•127 


•130 


•133 


•136 


•139 


96 


•120 


•123 


•126 


•129 


•132 


•185 


•13$ 


•141 


97 


•122 


•125 


•128 


•131 


•134 


•13? 


•140 


•143 


98 


•124 


•127 


•130 


•133 


•136 


•139 


•142 


•145 


99 


•125 


•129 


•132 


•135 


•13$ 


•141 


• ^144 


•147 


leo 


•127 


•130 


•134 

1 — 


•137 


•140 


•143 


•146 

• 


•150 



Q^ 



wn 






/ 
3 






a 
/ 






/ 

X 




I 

If 
y 

f 
r 

3 

c 
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Table II. (continued). 





1 


Inches. 


1 






24 


245 


25 


25-5 


26 


26-5 

• 


27 


27-5 






« 


+ 


-f 


+ 


-f 


+ 


-1- 


-1- 


+ 






•061 


•063 


•064 


•065 


•067 


•068 


•069 


•071 






1 


•059 


•061 


•062 


•063 


•064 


•065 


•067 


•068 


1 






2 


•057 


•058 


•060 


•061 


•062 


•063 


•064 


•066 


2 






3 


•055 


•056 


•057 


•059 


•060 


•061 


•062 


•063 


3 






4 


•053 


•054 


•055 


•056 


•057 


•058 


•059 


•061 


4 






5 


•051 


•052 


•053 


•054 


•055 


•056 


•057 


•058 


5 






6 


•049 


•050 


•051 


•052 


•053 


•054 


•055 


•056 


6 






7 


•046 


•047 


•048 


•049 


•050 


•051 


•052 


•053 


7 






8 


•044 


•045 


•046 


•047 


•048 


•049 


•050 


•051 


8 






9 


•042 


•043 


•044 


•045 


•046 


•046 


•047 


•048 


9 






10 


•040 


•041 


•042 


•042 


•043 


•044 


•045 


•046 


10 






11 


•038 


•039 


•039 


•040 


•041 


•042 


•042 


•043 


11 






12 


•036 


•036 


•037 


•038 


•039 


•039 


•040 


•041 


12 






13 


•033 


•034 


•035 


•036 


•036 


•037 


•038 


•038 


13 






14 


•031 


•032 


•033 


•033 


•034 


•035 


•035 


•036 


14 






15 


•029 


•030 


•030 


•031 


•032 


•032 


•033 


•033 


15 






16 


•027 


•028 


•028 


•029 


•029 


•030 


•030 


•031 


16 






17 


•025 


•025 


•026 


•026 


•027 


•027 


•028 


•028 


17 






18 


•023 


•023 


•024 


•024 


•025 


•025 


•025 


•026 


18 






19 


•021 


•021 


•021 


•022 


•022 


•023 


•023 


•024 


19 






20 


•018 


•019 


•019 


•020 


•020 


•020 


•021 


•021 


20 






21 


•016 


•017 


•017 


•017 


•018 


•018 


•018 


•019 


21 






22 


•014 


•014 


•015 


•015 


•015 


•016 


•016 


•016 


22 






23 


•012 


•012 


•012 


•013 


•013 


•013 


•013 


•014 


23 






24 


•010 


•010 


•010 


•010 


•Oil 


•Oil 


•Oil 


•on 


24 






25 


•008 


•008 


•008 


•008 


•008 


•008 


•009 


•009 


25 






26 


•005 


•006 


•006 


•006 


•006 


•006 


•006 


•006 


26 


• - 




27 


•003 


•003 


•003 


•003 


•004 


•004 


•004 


•004 


27 






28 


•001 


•001 


•001 


•001 


•001 


•001 


•001 


•001 


28 




\ 


29 


•001 


•001 


•001 


•001 


•001^ 


•001 


•001 


001 


29 


; 


V 


30 


•003 


•003 


•003 


•004 


•004 


•004 


•004 


•004 


30 


C 


> 


31 


•005 


•006 


•006 


•006 


•006 


•006 


•006 


•006 


31 





u 


32 


•008 


•008 


•008 


•008 


•008 


•008 


•008 


•009 


32 


h 


r 

( 

r 


33 


•010 


•010 


•010 


•010 


•Oil 


•Oil 


•Oil 


•Oil 


33 


f 


34 


•012 


•012 


•012 


•013 


•013 


•013 


•013 


•014 


34 


35 


•014 


•014 


•015 


•015 


•015 


•015 


•016 


•016 


35 


a 


36 


•016 


•017 


•017 


•017 


•017 


•018 


•018 


•019 


36 






37 


•018 


•019 


•019 


•019 


•020 


•020 


•021 


•021 


37 




38 


•020 


•021 


•021 


•022 


•022 


•023 


•023 


•023 


38 






39 


•023 


•023 


•024 


•024 


•024 


•025 


•025 


•026 


39 


r 


V 


40 


•025 


•025 


•026 


•026 


•027 


•027 


•028 


•028 


40 


"V 




41 


•027 


•027 


•028 


•029 


•029 


•030 


•030 


•031 


41 


1 




42 


•029 


•030 


•030 


•031 


•031 


•032 


•033 


•033 


42 






43 


•031 


•032 


•032 


•033 


•034 


•034 


•035 


•036 


43 






44 


•033 


•034 


•035 


•035 


•036 


•037 


•037 


•038 


44 


• 




45 


•035 


•036 


•037 


•038 


•038 


•039 


•040 


•041 


45 






46 


•038 


•038 


•039 


•040 


•041 


•042 


•042 


•043 


46 






47 


•040 


•041 


•041 


•042 


•043 


•044 


•045 


•046 


47 






48 


•042 


•043 


•044 


•045 


•045 


•046 


•047 


•048 


48 






49 


•044 


•045 


•046 


•047 


•048 


•049 


•050 


•050 


49 






50 


•046 


•047 


•048 


•049 


•050 


•051 


•052 


•053 


50 


» 
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Table II. (continued). 









d 




Inches. 






t 




^ 


24 


24-5 


25 


255 


26 


265 


27 


27-5 




ifl • 


MMM 




^^ 


«■« 


^^ 


_ 


^^ 




o 




048 


•049 


•060 


•051 


•052 


•053 


•054 


•055 


51 




52 


050 


•062 


•053 


•054 


•055 


•056 


•057 


•058 


52 




53 


053 


•054 


•055 


•056 


•057 


•058 


•059 


•060 


53 




54 


055 


•056 


•067 


•058 


•069 


•060 


•062 


•063 


54 




55 


057 


•058 


•059 


•060 


•062 


•063 


•064 


•065 


55 




56 • 


059 


•06a 


•061 


•063 


•064 


•065 


•066. 


•068 


56 




57 • 


061 


•062 


•064 


•065 


•066 


•068 


•069 


•070 


57 


'»/v 


58 


063 


•065 


•066 


•067 


•069 


•070 


•071 


•073 


58 




59 


065 


•067 


•068 


•070 


•071 


•072 


•074 


•075 


59 




60 


068 


•069 


•070 


•072 


•073 


•075 


•076 


•077 


60 


fw ^ 


61 


070 


•071 


•073 


•074 


•075 


•077 


•078 


•080 


61 


/^AX^ry*^ 


m 


072 


•073 


•075 


•076 


•078 


•079 


•081 


•082 


62 




63 

64 • 


07i. 
07C! 


•076 
•078 


•077 
•079 


•079 
•081 


•080 
•082 


•082 
•084 


•083 
•086 


•085 

•087 


63 
64 


A' ^y^ 


65 


078 


•080 


•082 


•083 


•085 


•086 


•088 


•090 


65 


(«^ / 


£ 


66 


080 


•082 


•084 


•085 


•087 


•089 


•090 


•092 


66 






67 • 
68 


083 
085 


•084 
•086 


•086 
•088 


•088 
•090 


•089 
•092 


•091 
•094 


•093 
•095 


•095 
•097 


67 
68 


/ » 





t 


fi 


o 


69 • 


087 


•089 


•090 


•092 


•094 


•096 


•098 


•100 


69 


5 


^ 


/ 


70 • 


089 


•091 


•093 


•095 


•096 


•098 


•100 


•102 


70 


if 


^ 


/ 


71 • 


091 


•093 


•095 


•097 


•099 


•101 


•102 


•104 


71 


r 


/ 


/ 


72 • 


093 


•095 


•097 


•099 


•101 


•103 


•105 


•107 


72 


> 


/ ! / 


73 • 


095 


•097 


•099 


•101 


•103 


•105 


•107 


•109 


73 


r 1/ 


/ 


74 • 


097 


•099 


•102 


•104 


•106 


•108 


•110 


•112 


74 


w 


75 • 


100 


•102 


•104 


•106 


•108 


•110 


•112 


•114 


75 


f / \z 


76 • 


102 


•104 


•106 


•108 


•110 


•112 


•114 


•117 


7Q 


^ / u 


77 • 


104 


•106 


•108 


•110 


•112 


•115 


•117 


•119 


77 


L - I 


78 • 


106 


•108 


•110 


•113 


•115 


•117 


•119 


•122 


78 




79 • 


108 


•110 


•113 


•115 


•117 


•119 


•122 


•124 


79 




80 


110 


•113 


•115 


•117 


•119 


•122 


•124 


•126 


80 




81 


112 


•115 


•117 


.119 


•122 


•124 


•126 


•129 


81 




82 


114 


•117 


•119 


•122 


•124 


•126 


•129 


•131 


82 




83 


117 


•119 


•121 


•124 


•126 


•129 


•131 


•134 


83 




84 


119 


•121 


•124 


•126 


•129 


•131 


•134 


•136 


84 




85 


121 


•123 


•126 


•128 


•131 


•133 


•136 


•139 


85 




86 


123 


•126 


•128 


•131 


•133 


•136 


•138 


•141 


86 




87 • 


125 


•128 


•130 


•133 


•136 


•138 


•141 


•143 


87 




88 


127 


•130 


•133 


•135 


•138 


•141 


•143 


•146 


88 




89 


129 


•132 


•135 


•137 


•140 


•143 


•146 


•148 


89 




90 


131 


•134 


•137 


•140 


•142 


•145 


•148 


•151 


90 




91 


134 


•136 


•139 


•142 


•145 


•148 


•150 


•153 


91 




92 


136 


•139 


•141 


•144 


•147 


•150 


•153 


•156 


Q% 




93 


138 


•141 


•144 


•147 


•149 


•152 


•155 


•158 


93 




94 


►140 


•143 


•146 


•149 


•152 


•155 


•157 


•161 


94 




95 


•142 


•145 


•148 


•151 


•154 


•157 


•160 


•163 


95 




96 


•144 


•147 


•150 


•153 


•156 


•159 


•162 


•165 


96 




97 


•146 


•149 


•152 


•156 


•159 


•162 


•165 


•168 


97 




98 


•148 


•152 


•155 


•158 


•161 


•164 


•167 


•170 


98 




99 


•151 


•154 


•157 


•160 


•163 


•166 


•169 


•173 


99 




100 


•153 


•156 


•169 


•162 1 -165 


•169 


•172 


•175 


100 
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Tablb IL (continued.) 



t, 
r 
( 

C 



d 

^ 








iBdus. 








1 


28 


28^5 


29 


29-5 


30 


30^5 


31 


o 


-f 


+ 


+ 


-f 


+ 


t. 


+ 


« 


6 


•072 


•073 


•074 


•076 


•077 


•078 


•080 


1 


•069 


•071 


•072 


•073 


•074 


•076 


•077 


1 


3 


•067 


•068 


•069 


•070 


•072 


•073 


•074 


2 


d 


•064 


•065 


•067 


•068 


•069 


•070 


•071 


3 


4 


•062 


•063 


•064 


•065 


•066 


•067 


•068 


4 


5 


•059 


•060 


•061 


•062 


•063 


•065 


•066 


5 


6 


•057 


•058 


•059 


•060 


•061 


•062 


•063 


6 


7 


•054 


•055 


•056 


•057 


•058 


•059 


•060 


7 


8 


•052 


•053 


•054 


•064 


•055 


•056 


•057 


8 


9 


•049 


•050 


•051 


•052 


•053 


•054 


•054 


9 


10 


•047 


•047 


•048 


•049 


•050 


•051 


•052 


10 


11 


•044 


•045 


•046 


•046 


•047 


•048 


•049 


11 


12 


•042 


•042 


•043 


•044 


•045 


•045 


•046 


12 


13 


•039 


•040 


•040 


•041 


•042 


•043 


•043 


13 


14 


•037 


•087 


•038 


•038 


•039 


•040 


•040 


14 


15 


•034 


•035 


•035 


•036 


•036 


•037 


•088 


15 


16 


•032 


•032 


•083 


•033 


•034 


•084 


•085 


16 


17 


•029 


•030 


•030 


•081 


•081 


•082 


•032 


17 


18 


•026 


•027 


•027 


•028 


•028 


•029 


•029 


18 


19 


•024 


•024 


•025 


•025 


•026 


•026 


•027 


19 


20 


•021 


•022 


•022 


•023 


•023 


•023 


•024 


20 


21 


•019 


•019 


•020 


•020 


•020 


•021 


'021 


21 


22 


•016 


•017 


•017 


•017 


•018 


•018 


•018 


22 


23 


•014 


•014 


•014 


•015 


•015 


•015 


•015 


23 


24 


•Oil 


•012 


•012 


•012 


•012 


•012 


•013 


24 


25 


•009 


•009 


•009 


•009 


•009 


•010 


•OH) 


25 


26 


•006 


•006 


•007 


•007 


•007 


•007 


•007 


26 


27 


•004 


•004 


•004 


•004 


•004 


•004 


•004 


^7 


28 


•001 


•001 


•001 


•001 


•001 


•001 


•001 


28 


29 


•001 


•001 


•001 


•001 


•001 


•001 


•001 


29 


30 


•004 


•004 


•004 


•004 


•004 


•004 


•004 


30 


31 


•006 


•006 


•007 


•007 


•007 


•007 


•007 


31 


32 


•009 


•009 


•009 


•009 


•009 


•010 


•010 


32 


33 


•Oil 


•012 


•012 


•012 


•012 


•012 


•012 


33 


34 


•014 


•014 


•014 


•015 


•015 


•015 


•015 


34 


35 


•016 


•017 


•017 


•017 


•018 


•018 


•018 


35 


36 


•019 


•019 


•020 


•020 


•020 


•021 


•021 


36 


37 


•021 


•022 


•022 


•022 


•023 


•023 


•024 


37 


38 


•024 


•024 


•025 


•025 


•026 


•026 


•026 


38 


39 


•026 


•027 


•027 


•028 


•028 


•029 


•029 


39 


40 


•029 


•029 


•030 


•030 


•031 


•031 


•032 


40 


41 


•031 


•032 


•033 


•033 


•034 


•034 


•035 


41 


42 


•034 


•034 


•035 


•036 


•036 


•037 


•037 


42 


43 


•036 


•037 


•038 


•038 


•039 


•040 


•040 


43 


44 


•039 


•040 


•040 


•041 


•042 


•042 


•043 


44 


45 


•041 


•042 


•043 


•044 


•044 


•045 


•046 


45 


46 


•044 


•045 


•045 


•046 


•047 


•048 


•049 


46 


47 


•046 


•047 


•048 


•049 


•050 


•151 


•051- 


47 


48 


•049 


•050 


•051 


•052 


•052 


•053 


•054 


48 


49 


•051 


•052 


•053 


•054 


•055 


•056 


•057 


49 


50 


•054 


•055 


•056 


•057 


•058 


•059 


•060 


50 



^ V. 



SI 



Table IL (conthiued). 



yXcTTH: 



^ 

f 



2^£_ 



/ 



o 
/ 

/ 

/ 
/ 

/ 



o 
o 
/ 

/ 

/ 

/ 

/ 

Z 
2 



f 

^ 








Iiichei. 








1 

5^ 


28 


28-5 


29 


295 


30 


30^5 


31 








•w 


^^ 


^. 


.^ 




5l 


*056 


•057 


•068 


•059 


•060 


•061 


" -062 


5d 


•059 


•060 


•061 


•062 


•063 


•064 


•065 


52 


63 


K)61 


•063 


•064 


•065 


•066 


•067 


•068 


58 


54 


•064 


•065 


•066 


•067 


•068 


•070 


•071 


54 


05 


•066 


•068 


-069 


•070 


•071' 


•072 


". ^073 


55 


56 


•069 


•070 


•071 


•073 


•074 


•075 


•076 


66 


5; 


•071 


•073 


•074 


•075 


•076 


•078 


•079 


57 


58 


•074 


•075 


•077 


•078 


•079 


•081 


•082 


58 


59 


•076 


•078 


•079 


•080 


•062 


•083 


•085 


59 


60 


•079 


•080 


•082 


•083 


•085 


•086 


X '087 


60 


61 


•081 


•083 


•084. 


•086 


•087 


•089 


. '090 


61 


62 


•084 


•085 


•087 


•088 


•090 


•091 


•093 


62 


63 


•086 


•088 


•089 


•091 


•093 


•094 


•096 


63 


64 


•089 


•090 


•092 


•094 


•095 


•097 


•098 


64 


65 


•091 


4)93 


•095. 


•096 


•098 


•100 


. •lOl 


65 


66 


'094 


•096 


•097 


•099 


•101 


•102 


•104 


66 


67 
68 


•096 
•099 


•098 
•101 


•100 
•102 


:{^ 


•103 
•106 


•105 
•108 


•107 
•109 


67 
68 


69 


•101 


•103 


•105 


•107 


•109 


•110 


•112 


69 


70 


•104 


•106 


•108 


•109 


•111 


•113 


•115 


70 


71 


•106 


•108 


•110 


•112^ 


•114 


•116 


•118 


71 


72 


•109 


•111 


•113 


•115 


•117 


•119 


•120 


72 


73 


•111 


•113 


•115 


•117 


•119 


•121 


•123 


73 


74 


•114 


•116 


•118 


•120 


•122 


•124 


•126 


74 


75 


•116 


•118 


•120 


•122 


•125 


•127 


•129 


75 


76 


•119 


•121 


•123 


•125 


•127 


•129 


•131 


n 


11 


•121 


•123 


•126 


•128 


•130 


•132 


•134 


77 


n 


•124 


•126 


•128 


•130 


•133 


•135 


•137 


78 


79 


•126 


•128 


•131 


•133 


•135 


•137 


•140 


79 


80 


•129 


•181 


•133 


•136 


•138 


•140 


•143 


80 


81 


•131 


•134 


•136 


•138 


•141 


•143 


•145 


81 


82 


•134 


•136 


•138 


•141 


•143 


•146 


•148 


82 


83 


•136 


•139 


•141 


•143 


•146 


•148 


•151 


83 


84 


•139 


•141 


•144 


•146 


•149 


•151 


•154 


84 


85 


•141 


•144 


•146 


•149 


•151 


•154 


•156 


85 


86 


•144 


•146 


•149 


•151 


•154 


•156 


•159 


86 


87 


•146 


•149 


•151 


•154 


•157 


•159 


•162 


87 


88 


•149 


•151 


•154 


•157 


•159 


•162 


•165 


88 


89 


•151 


•154 


•156 


•159 


•162 


•165 


•167 


89 


90 


•153 


•156 


•159 


•162 


•164 


•167 


•170 


90 


91 


•156 


•159 


•162 


•165 


•167 


•170 


[•173 


91 


92 


•158 


•161 


•164 


•167 


•170 


•172 


•175 


92 


93 


•161 


•164 


•167 


•170 


•172 


•175 


•178 


93 


94 


•163 


•166 


•169 


•172 


•175 


•177 


•180 


94 


95 


•166 


•169 


•172 


•175 


•178 


•180 


•183 


95 


96 


•168 


•171 


•174 


•178 


•181 


•183 


•186 


96 


97 


•171 


•174 


•177 


•180 


•183 


•186 


•189 


97 


98 


•173 


•176 


•179 


•183 


•186 


•188 


•191 


98 


99 


•176 


•179 


•182 


•185 


•188 


•191 


•194 


99 


100 


•178 


•181 


•184 


•188 


•191 


•194 


•197 


100 
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Table HI. 

Correction to be applied to Barometers, the scales of which are en- 
graven on glassy to reduce the observations to S2^ Fahrenheit. 



Temp. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


28*0 


28-5 


29-0 


29-5 


30^ 


SO-5 


Sl-O 


31-5 


25 


+•017 


+•017 


+•017 


+ •018 


+ •018 


+ •018 


+ •019 


+•019 


30 


+ •005 


+ •005 


+ •005 


+ •005 


+•005 


+ •005 


+•005 


+•005 


35 


-•007 


-•007 


-•007 


—008 


-•008 


-•008 


-•008 


—008 


40 


—019 


—020 


-•020 


-•020 


—•021 


-•021 


-•021 


-•022 


45 


-•031 


-•032 


-•032 


—033 


-•033 


—034 


—035 


—036 


50 


-•043 


-•044 


—045 


—046 


-•046 


—047 


—048 


-•049 


55 


-•055 


-•056 


—067 


-•068 


-•059 


-•060 


-•061 


-•062 


60 


-•067 


-•068 


-•069 


—071 


-•072 


—074 


—075 


—076 


65 


—079 


-•081 


-•082 


-•083 


—•085 


-•086 


-•088 


-•089 


70 


-•091 


-•093 


-•094 


-•096 


—098 


-•100 


—101 


—103 


75 


—103 


-•105 


-•106 


-•109 


—111 


—114 


—116 


-•118 



Table IV. 



Showing the Force of the Wind on a square foot for different heights 
of the Column of Water in Lind's Wind-gauge. 



\*t-Oif 



Height of the 

Column of 

Water. 



inches. 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0-5 

0-1 

0-05 



Force of the 
Wind in Ayoir- 
dupois Pounds. 



62^5 

57^29 
52^08 

46-87 

44*66 

36-55 

31-75 

26-04 

20*83 

16-62 

10^42 

5*21 

2-60 

0-52 

0*26 



} 



Common designation of 
such a Wind. 



Most violent hurricane. 

A very great hurricane. 

A great hurricane. 

A hurricane. 

A very great storm. 

A great storm. 

A storm. 

A very high wind. 

A high wind. 

A brisk gale. 

A fresh breeze. 

A pleasant wind. 



L 

In great degrees of cold, a saturated solution of sea salt may be 
used instead of water, the specific gravity of which is 1*244. If the 
force in the above Table for any height be multiplied by the. specific 
gravity, the product will be the true force, as measured by the solu- 
tion. 
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Table V, 



Elastic Force of Aqueous Vapour for every degree of Temperature, 

from 0° to 124° Fahr. 



1 



/ 



■fj:^ f 



^'1 









Temp. 
Fahr. 


Force. 
Inches of 
Mercury. 


Temp. 
Fahr. 


Force. 
Inches of 
Mercury. 


Temp. 
Fahr. 


Force. 
Inches of 
Mercury. 


,Temp. 
Fahr. 


Force. 
Inches of 
Mercury. 


o 




0-051 


32-'? 


^ 0-186 


63 


0.570 




94 


1-562 


1 


0*053 


33 


0-193 


64 


0-590 


95 


1-610 


2 


0-056 


34 


0-200 


65 


0-611 


96 


1-660 


3 


0-058 


35 


0-208 


66 


0-632 


97 


1-712 


4 


0-060 


36 


0-216 


67 


0-654 


98 


1-764 


5 


0-063 


37 


0-224 


68 


0-676 


99 


1-819 


6 


0-066 


38 


0-233 


€9 


0-699 


100 


1-874 ' 


7 


0-069 


39 


0-242 :' 


; 70 


0-723 


101 


1-931 


8 


0-071 '^ 


40 


0-251 


71 


0-748 


102 


1-990 


9 


0-074 


41 


0-260 


72 


0-773 


103 


2-050 


10 


0-078 


42 


0-270 


73 


0-799 


104 


2-112 


11 


0-081 


43 


0-280 


74 


0-826 


105 


2-176 


12 


0-084 


44 


0-291 


75 


0-854 


106 


2-241 


13 


0-088 


45 


0-302 


76 


0-882 


107 


2-307 


14 


0-092' 


46 


0-313 


77 


0-911 


108 


2-376 


15 


0-095 


47 


0-324 


78 


0-942 


109 


2-447 


16 


0-099 


48 


0-336 


79 


0-973 


110 


2-519 


17 


0-103 


49 


0-349 '^ 


/ 80 


1-005 


111 


2-593 


18 


0-107 ^: 


^ 50 


0-361 


81 


1-036 


112 


2-669 


19 


0-112 


51 


0-375 


82 


1-072 


113 


2-747 


20 


0-116 


52 


0-389 


83 


1-106 


114 


2-826 


%\ 


0-121 


53 


0-402 


84 


1-142 


115 


2-908 


22 


0-126 


54 


0-417 


85 


M79 


116 


2-992 


23 


0-131 


55 


0-432 


86 


1-217 


117 


3-078 


24 


0-136 


56 


0-447 


87 


1-256 


118 


3-166 


25 


0-142 


57 


0-463 


88 


1-296 


119 


3-257 


26 


0-147 


58 


0-480 


89 


1-337 


120 


3-349 


27 


0-153 


59 


0-497 ^ 


90 


1-380 


121 


3-444 


28 


0-159 -^ 


^60 


0-514 


91 


1-423 


122 


3-542 


29 


0-165 


61 


0-532 


92 


1-468 


123 


3-641 


30 


0-172 


62 


0-551 


93 


1-514 


124 


3-743 


31 


0-179 
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Thb following letters from Baron Von Humboldt to the Earl of 
Minto> and from Professor Erman to Major Sabine, having been 
communicated to the Royal Society, the Committee have deemed it 
desirable that they should form a part of this publication, with the 
permission of the respective parties. 

LeUer from the Baron Alexander von Humboldt to the Earl of 

MintOf 

M1X.0BD : 

Berlin, ce 12 Oct, 1830. 

Lobsq'au printems de Fannie 1836, j'adressai une lettre & S. A. R. 
Mgr. le Due de Sussex sur les moyens propres i perfectionner la 
connoissance du magn6tisme terrestre par Titablissement de sta-- 
tione magnitigiiee et d observations correspondanteSf je sollicitai la 
eoncours puissant de la Societ6 Royale de Londres en faveur de tra- 
vaux qui| ^manant a la fois de plusieurs grands centres scientiiiques 
de TEurope, pourroient conduire progressivement a la connoissano8 
precise des lois de la nature. Ma d-marche fut accueillie avec bien- 
veillance, et la Soci^t6 Royale daigna recommander a la protection 
speciale du Gouvemement de Sa Majesty Titablissement de plusieurs 
stations permanentes dans les regions tropicalesy et dans les parties 
tempir^es de Th^nusph^re austral. 

Cette protection du Gouvemement a H& accord^e avec une mu* 
nificence qui d^passe de bien loin Tespoir des hommes le plus ar-* 
demment occupis des variations du magn^tisme terrestre, selon les 
trois coordonnles de d^olinaison, d'inclinaison, et d'intensit€ absolue, 
Ce ne sont pas seulement des stations magn^tiques qui seront fon- 
d6es dans les lieux les plus propres a la manifestation des change- 
mens que subit la distribution des forces ; c'est une grande ea^f 
ditUm antarctiqtie qui a 6t^ ordonn6e sous le commandement d'un 
savant et intr^pide navigateur, le Capitaine James Clark Ross ; e^^-' 
p6dition qui embrassera dans des travaux sagement prepares tons 
les probl^mes du magn^tisme terrestre, de la configuration du globe, 
de la distribution de la chaleur, du mouvement des eaux de Toc^an, 
de la constitution g6ologique du sol, de la geographic des plantes et 
des animaux. 

Je crois remplir un devoir sacr6 en oiFrant au Premier Lord de 
FAmiraute, a Monsieur le Comte de Minto, Thommage respectueux 
de la plus vive reconnoissance dont sont p^n^tres tous ceux qui ^ul- 
tivent les sciences, et leur ont vou6 une vie laborieuse. Cette re- 
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connoissance est due au Ministre qui, dans des vues ^levies et si 
favorables aux progres de rintelligence, a r6alis6 I'ex^cution du voy- 
age antarctique. La bienveillance personneUe dont votre Excel- 
lence m'a honor6, pendant Son s^jour a Paris et a la Cour de mon 
Souverain, me donne le courage de Lui communiquer en m^me-tems 
quelques considerations qui se rattachent au but principal d'une 
vaste et noble entreprise. Ma franchise ne sera pas mal interpr6t§e. 

La variabUUe des ph6nomenes est ce qui caract^rise le plus le 
magn^tisme terrestre : variability selon une marche lente et p^rio- 
dique, quelquefois intermittente aussi, comme effet de perturbations 
brusques et instantan6es. II en r§sulte que pour approfondir les 
lois du magn§tisme terrestre, il est d'une haute importance de con- 
noitre T^tat magn^tique du Globe a une mdme 6poque donn^, ou, 
du moins, selon des observations faites ^ des* 6poques trds rap- 
proch^es. H y a presque d6ja trente ans que, dans le JRecueil de 
mes Observations cistronomigtieSf j*ai indiqu6 combien il serait pr6- 
cieux pour la Physique du globe, si plusieurs batimens munis d'ex- 
cellens instrumens, parcouraient simultan^ment T^quateur magn^ti- 
que et les lignes sans d6clinaison, pour fixer a la mdme ^poque, dans 
le vaste bassin des mers, la d6clinaison, Tinclinaison, et rintensit6 des 
forces magn^tiques. J'insistai aussi, (malgre Timperfection des in- 
strumens et des m^thodes d'alors,) d'apr^s mapropre experience, sur 
la possibility de determiner sur mer, et avec une precision suffisante, 
les variations de ces deux demiers ilimens. (Rel. hist T. 1. p. 262.) 
Je montrai combien ces determinations oceaniques sembloient offrir 
d*avantages, la, ou les couches d'eau sont assez Ipaisses pour que Ton 
ait moins k craindre les perturbations locales dues k la constitution 
mineralogique du fond. 

Guide par des considerations analogues, j'ose exprimer le desir, 
que pour rendre plus fructueux encore Timmense travail qui sera 
execute en trois annees, soit par Texpedition du Capitaine Ross, 
soit dans les nombreuses stations magnetiques repandues sur la 
surface des continens et des iles, Votre Excellence voultlt bien 
ordonner simultanement quelques expeditions partielles et supple- 
mentaires. Deux savans, auxquels nous devons des travaux im- 
portans sur la connoissance des variations du magnetisme terrestre, 
M. le Major Sabine et M. Lloyd, professeur a Dublin, m'ont deja 
donne rheureuse nouvelle que le Gouvernement de Sa Majeste en- 
verroit k Otahiti, k cette metropole de TOcean pacifique, illustree 
par d'anciens travaux astronomiques, un ofHcier trds-instruit et muni 
d'appareils magnetiques. Le grand nombre de batimens de la ma- 
rine royale qui se trouvent le plus souvent en station sur les cotes 
occidentales de TAmerique du sud, et dans les mers de Tlnde, faci- 
literont peut-^tre les moyens de multiplier les investigations que 
j'appelle supplemenfaires, et dont, pour le moment, le but principal 
seroit la connoissance experimentale de Tequateur magnetique, et 
des lignes sans dedinaison. 

I. Un batiment muni d'instrumens propres k mesurerTinclinaison, 
la dedinaison, et Fintensite, pourroit, en partant des cotes du Perou, 
suivre Fequateur magnetique, ou la courbe d'inclinaison zero, jusqu' 
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aux c6tes de la p^ninsule de Malacca, et, si le vent le permet, 
jusq'au d^troit de 6ab-el-Mandeb. Un second batiment pour- 
roit parcourir T^quateur magn^tique depuis le Golfe de Guin6e 
jusqu'aux cotes du Br^sil. On d^termineroit avec une grande pre- 
cision astronomique les points du littoral oil la courbe d'inclinaison 
z6ro, qui n'est pas un grand cercle de la Sphdre, coupe les continens et 
let iles : on apprendroit si connoitre les changemens de sinuosity et 
le mouvement des nceuds (points dlntersection des 6quateurs mag- 
n^tique et terrestre) qui ont eu lieu depuis les ^poques des voyages 
ant^rieurs. Comme les lignes isodynamiques et isoclines ne sont 
aucunement paralleles, il seroit k d^irer que les intensit^s fussent 
aussi d6termin6es le long de T^quateur magn6tique, ou dans «a 
proximite la plus immediate. 

II. Quant aux parties des lignes sans d^clinaison qui deviennent 
accessibles aux navigateurs, j'oserai. Monsieur le Comte, les indiquer 
toutes, non dans le vain espoir que des observations simultan^es 
puissent les embrasser dans leur ensemble pendant la dur6e du s^jour 
du Capt. Ross dans les hautes regions antarctiques, mais seulement 
pour faciliter le choix k Votre Excellence selon les combinaisons 
fortuiies que peuvent offrir des traversed ou les stations 6ph6meres 
de batimens de la marine royale. Je n' ignore pas que d'apr^s les 
grandes vues sur les v6ritables fondemens d*une TMorie ginircUe du 
magrdtisme terrestre qui sont dues ^M. Grauss, soit la connoissance ap- 
profondie de Tintensit^ horizontale, soit la multiplicity et la sage r6par- 
partition des points dans lesquels les trois ^l^mens de d^clinaison d'in- 

clinaison et d'intensit^ ont ^te simultan^ment mesur^s, pour trouver 

y 
la valeur de V (§. 4> et^?), et par consequent aussi de^^y sont les 
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points vitaux du probl^me qu'a r^solu Tillustre G^ometre : mais les 
besoins actuels du Pilotage, les corrections habituelles du rumb, et des 
chemins parcourus, donnent encore une importance speciale et pra- 
tique k reiement de la d^clinaison. On appr^cieroit une determination 
experimentale, c. d. d. par observation immediate, avant que redifice 
theorique ait pu etre complete et termine dans son ensemble ; on 
Tapprecieroit d'autant plus que les lignes. isogones ont un mouve- 
ment trds-inegal dans les differentes portions de leurs traces, et que 
Taction combinee des petUes attractions moffn^tiqties locales cause des 
deviations partielles de la direction mpyenne des lignes d'egale de- 
clinaison, deviations qui interessent la securite des routes, et qui 
resteront long-temps hors de Tatteinte de la theorie generale la plus 
solidement etablie. Je signale ici de preference la direction des 
lignes sans dedinaison, auxquelles des considerations de G^ogra* 
phie physique doivent conserver une partie de leur ancienne impor- 
tance. 

(a.) L'expedition antarctique, en arrivant, par Touest, de la Terre 
Kerguelen k celle de Van Diemen, aura traverse la ligne sans dedinai- 
son qui remonte au nord vers la Terre de Nuyts ( Australie.) II seroit 
important de fixer astronomiquement, comme je Tai fait observer pour 
requateur magnetique, les points meridionaux et septentrionaux 
du littoral de la Nouvelle HoUande, o^ la ligne de dedinaison zero 



traverse le eontinent aastralien, et de poursuirre cette courbe, 
d'abord vers Y O. N. O , et ensuite vers le nord, depuis la Bale de 
Vansittarty ou le Cap Bougainville, jusq' auz iles Maldives, et les 
att^rrages de'Surate dans I'lnde. Les connoissances acquises par les 
beaux travaux de Hansteen, d'Adolpbe Errnan et de George Fuss sur 
lagrandesinuosite des ligned isogones de la Sib^rie emplchent au- 
jourd' hui de se former une id6e exacte de la liaison de ces lignes 
avec les lignes correspondantes dans les Mers de Flnde et de la Chine. 
D'aprds les cartes int^ressantes qui accompagnent Fezpos^ de la 
TMorie ginircUe par M . Gauss, la ligne de diclinaison z6ro ne coupe 
le continent asiatique que pres de Ventr^e du Golfe Persique ; elle 
remonte directement de \k vers le nord a la Mer Caspienne et a la 
Mer Blanche. D'apr^s M. Barlow elle se replie du Golfe de Cam- 
baye vers le N.£. et reparoft dans les Mers de la Chine et du Japon, 
entre rextr6mit6 septentrionale de Tile Formose et la peninsula 
Seghalienne. 

Ce seroit Jeter une vive lumiere sur un des points les plus obscurs 
du magnetisme terrestre que de lever les doutes qui enveloppent le 
prolongement de cette ligne de d^clinaison z6ro de la mer des 
Indes, et de faire connoitre, par des observations precises, la direction 
et la distribution des forces d Touest de Tlndus entre Candahar^ 
Balkh, Koundouz, et le Pendjab (la Pentapotamie). II est probable 
que la marche victorieuse des armies de S. M. vers Caboul, et les^ 
jour des troupes dans FAfghanistan pourront donner lieu a des re- 
cherches de ce genre, au mojen des petits appareils magn^tiques 
que Ton destine pour llnde. II resteroit si examiner pour la mime 
6poque, la position de la ligne z6ro dans les mers du Japon au nord 
de risle Formose, comme dans I'Oo^an Glacial dans la partie trds- 
accessible entre Spitzberg et la Mer Blanche. 

Suivre les traces de Tiquateur magn^tique, ou ceUes des lignes sans 
d^clinaisoD, c'est gouvemer (diriger ki route du vaisseau) de 
maniere a couper les lignes z6ro dans les intervaUes les plus petits, 
en changeant de rumb chaque fois que les observations d'inclinai- 
son ou de dedinaison prouvent qu'on a d^vi^. 

(6.) Si du systeme oriental, ou de Fancien continent, nous 
passons au systdme magn^tique americain et atlantique, nous aurions 
a d6sirer la determination simultanee des portions de la ligne sans 
d6clinaison qui remonte a Fest de la G6orgie du sud vers St. Sal- 
vador du Br^sil, quitte le continent prds de Maranham, et se 
dirige au N. O. vers le Cap Charles et la Baye de Chesapeak. Les 
mers que traverse cette ligne sent si fr6quent6es que de nombreuses 
observations magn6tiques y ont 6t6 faites, et se trouvent conserv6es 
dans les archives du D6p6t de la Marine Royale ; mais il ne sufiit pas 
d'avoir coup6 souvent et a difFerentes 6poques la ligne z^ro, il s'agit 
de la poursuivre, autant que les vents le permettent, dans toute son 
6tendue. Je devrais h^siter, M. le Comte, a faire mention du 
prolongement le plus boreal de la ligne atlantique a travers le 
Canada et la Baie d'Hudson, mais je dois consid^rer la surface 
du globe dans son ensemble, et fixer Fattention des navigateurs sur 
les changemens qui peuvent ^tre survenus dans les dernidres ann6es. 
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(c) La Mer du Sud» bI Ton en excepte les c6tes du Japon n'a d« 
nos jours pas de variation z^ro. Le noeud circuiaire qui renferme 
Varekipel des Marquestts pr^s du minimum des variations orientales 
(5°) m^rite de nouvelles investigations dont pourroit se charger le 
batiment qui suivrait T^quateur magn6tique du P6rou vers VInde. 
La forme de ce noeud circuiaire <r. €^ c^.-Fespacement variable des 
courbes isogones qui le constituent, et le diplacement progressif 
du ncBud entier, sont des phdnomdnes 6galement remarquables et 
qui contrastent avec le grand noeud circuiaire de I'Asie orientale» 
auquel, selon le m^moire de M. Gauss, appartient la courbe de 
d^dinaison z^ro des mers du Japon et de la Chine* 

Je compte sur votre ancienne bienveillance, Milord, en osant 
vous importuner si longuement de considerations sur Tutilit^ que 
pourraient offrir des observations simultan^es, par Temploi d*inslTu- 
mens et de m6thodes semblableS|dans les diff^rentes regions des deux 
hemispheres. J'ai touch6 aux moyens de completer les resultats 
de la grande expedition antarctique, et d'en augmenter la valeur. 
Votre Excellence choisdra dans sa sagesse, ce qui, parmi tant d'ob- 
jets importans pour Yart natdique et pour la Oiographie phynquB^ 
pourra lul paroitre d'une execution facile. Je sais borner mes 
esperances. 

Je supplie V. £• de jetter les yeux sur quelques euMithns aux 
imtrucHons scientifiquss que j'ose Lui adresser. C'est presque dtre 
presomptueux que de vouloir lyouter k un excellent travail, r^dige 
en partie par Sir J. HerscheL J'ai c^de aux instances amicales de 
MM« Sabine et Lloyd, et je vous supplie, Milord^ de vouloir bieti 
faire mettre entre les mains de Sir J. Herschel un eorit fragmentaire 
dans lequel ce grand astronome et savrait physicien efPacera libre- 
ment tout ce qui lui paroitra peu exact, ou moins digne de Tat- 
tention des voyageurs. 

Je tuis, &e^ &o. 

A. DE HUMBOLDT. 



Additions fragmentaires aux ^^ Instructions for the Scientific Expe- 
dition to the Antarctic Regions.* 

Les personnes qui sont eharg6es des observations scientifiques, 
ayant des connoissances trds^-variees, il sufflt de leur rappeler avec 
la plus grande concision les points qui paroissent de quelque iffi- 
portaoce dans le cours de leurs travanx. 

L Forme ds la Surface Coktinentale* 

Mouvemens des terres par souUifement ou par dipression, soft 
lents et progressifs, soit brusques et instantanis, toujours eomme 
effet de la reaction de Tinteriettr iSuide d'une plandte vers sa croi!kte 
plus ou moins consolidee* 

II seroit important de placer des marques sur les c6tes des c<yn- 
•tinens et des lies, ^ une elevation rigoureusement determinee ati 
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dessus des plus hautes marges. Je pr6f6rerois des barres de cuirre 
pr6par6as d'avance en Angleterre, ayant une inscription de la date 
et le nom du Capitaine Ross. Un trait ou sillon creus6 dans le 
rocher, r^uniroit deux marques mitalliques ^loign^es Fune de I'autre 
au moins de 15 pieds. Le sillon doit etre trds-exactement horizontal. 
Pour chaque endroit on aura v6rifi6 T^l^vation moyenne des marees 
d'une manidre approximative. Des marques semblables, mais de fer 
et de 2 pieds de long, ont 6t6 plac6es (d ma pridre, apr^ raon retour 
de Sib^rie) par M. Lenz, membre de T Acadimie de St. Petersbourg, 
sur les cotes rocheuses de la Mer Caspienne pr^s de Bakou (voyez 
Poggendorf, Annalen, t. xxvi. p. 364.). Les barres sont scell6es par 
du plomb fondu. 

IL Magnetisme Terrestre. 

Tout ce qui a rapport a Timportance de la simultaneity des de- 
terminations d'indinaison, de diclinaison et d'intensite magnetiques 
a ete consign^ dans la lettre que j'ai eu I'honneur d'adresser ^ M. le 
Comte de Minto, Premier Lord de VAmiraut^. J'ai rappel6 ce qui 
est relatif a la forme, et aux directions actuelles de r6quateur mag- 
n6tique (courbe d'inclinaison z^ro) et des lignes sans d6clinaison. Je 
n'ajoute ici que le d6sir que Ton puisse observer en outre des epoques 
prescrites par M. Gauss, aux epoques astronomiquement importantes 
des solstices et des iqmnoxeSy comme je Tai fait conjointement avee 
M.Oltmanns en 1806 et 1807) pendant 5 et 6 jours et autant de nuits. 
A cause de la plus grande pr6cision des instrumens actuels, 24 ou 36 
heures suffiroient. Je signale aussi les points suivans : — Examiner les 
influences lunaires d'apres les indications de M.Kreil, astronome de 
Milan, aujourd*hui a Prague; faire attention aux orages, aux 
grandes chutes de grMe ou de neige, aux jours converts ou sereins ; 
voir si des changemens atmospheriques modifient les phenomenes 
magn6tiques d'une manidre sensible et stable ; examiner si sur mer 
ou sur les glaces polaires, on remarque quelque influence de la consti- 
tution min6ralogique du fond ; si des perturbations locales se font 
sentir sur mer, 1^ ou Ton pent supposer que les eaux ne sont pas trds- 
profondes. L'intensite des forces se trouvoit diminu^e a la hauteur 
que M. Gay Lussac a atteinte en ballon : on reconuoit cette dimi- 
nution, lorsqu'on corrige les observations de ce savant par la tem- 
perature des couches d air qu'il a parcourues. La position dans un 
vaisseau a la surface des mers est une position semblable ; moins 
par rapport a la surface moyenne de la terre, que par rapport k Fin- 
dependance relative aux attractions locales. Les observations faites 
sur de hautes montagnes, au dessus de 2500 toises, (observations d'in- 
clinaison et d'intensite recueillies soit par moi, soit tout recemment 
par d*autres voyageurs) donnent des resultats pen concordans a cause 
des perturbations dues aux couches soulevees de la croute terrestre. 
Ces considerations sur le decroissement tres-lent des forces magne- 
tiques dans le rapport hypsometrique, et sur la petitesse de la profon- 
deur moyenne de Tocean, meritent Tattention des physiciens. M^me 
sur le sol volcanique de Rome, nous n'avons pas trouve M. Gay Lus- 
sac et moi, de difference sensible dans Tintensite de la force horizon- 
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tale au Monte Pincio, i la Villa Borghese, et i Tivoli. Ces experi- 
ences seront tres-ais6es k rep^ter sur la glace, oil Ton pent s^^loig- 
ner a de grandes distances du navire, et o^ les influences du fond de 
la mer, si elles existent, doivent se manifester au milieu de la marohe 
uniforme des ph6nom^nes d'intensit^ ou d*inclinaison. 

Les tremblemens de terre m'ont paru agir quelquefois sur Fin- 
dinaison. Multiplier les observations d'inclinaison horaire 1^ ou 
les secousses sont frequentes. 

Les aurores bor6ales changent-elles parfois la force horizontale 
sans influer sur Tinclinaison? Y a-t-il quelque aspect particulier k 
cette classe d*aurores bor6ales ou australes, qui afiectent peu les d^- 
dinaisons horaires de Tuguille ? 

Observer de preference les variations magnetiques aux epoques 
o\3l beaucoup d'^toiles fllantes entrent dans Tatmosphdre. Examiner 
si de grandes perturbations (les orages magnetiques) se r^petent 
pendant plusieurs jours aux memes heures ; si en general ces 
orages magnetiques ne sont pas beaucoup plus fr^quens de nuit> 
lorsque le soleil ne rdgle et ne tempere plus, par son s^jour au dessus 
de Fhorizon, la marche de Taiguille. II est d'un vif int^r^t de de* 
couvrir les rapports du magnltisme terrest^e (et de ses manifesta- 
tions variables) avec d'autres phenom^nes physiques, soit dans les 
mouvemens qui dependent du terns vrai (du passage du soleil par le 
meridien de chaoue lieu), soit dans les mouvemens isochrones, c. a d. 
dans ceux dont on peut deduire la difference de longitude avec un 
degre de precision inattendue. 

IIL Mers. 

Observer les differences de temperature dans la haute et la basse 
mer, comme Finfluence que la pente plus ou moins rapide des accores 
produit sur le refroidissement des bas-fonds ; mesurer la distance a 
laquelle les bancs de glace agissent sur la temperature des eaux de 
la surface. Les temperatures des couches inferieures de la mer ont 
acquis un nouvel interet depuis que dans le voyage de Kotzebue, 
M. Lenz, muni d'excellens instrumens, a trouve souvent sous les tro- 
piques (par 7** et par 21° de latitude, a 600 et 900 toises de profon- 
deur) 2'21 et 2*44 du thermometre centigrade, (Poggendorf, t. xx. 
p. 73,) et que Fon sait que le maximum de densite de Feau pure 
n'est pas applicable k Feau de mer. Le Capitaine Berard, avec 
une ligne de sonde d'un millimetre de diam^tre, est parvenu a 
sonder jusqu'a 1334 toises de profondeur (Berard, Description 
des Cdies d' Alger, 1837, p. 41). Les thermometres k minimum et 
k maximum de M. Magnus et de M. Walferdin sont d'un emploi 
tres-precis comme Font prouve les belles experiences de M. Arago 
dans les puits artesiens. C'est dans les courans oceaniques d'une 
haute temperature que les sondes thermometriques seroient surtout 
d*un grand interet. Examiner si le courant d'eaux froides qui 
longe les cotes du Perou jusqu'au Cap Pariiia, oii il devie vers les 
Galapagos, et dans lequel j'ai trouve par les 12** de latitude sud 
Feau de la surface seulement si 1 2*4 Reaumur, quand hors du cou- 
rant, la mer etoit d 22 R., prend sa source 75^ i Fouest du meridien 

H 
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4u Cap Horn par lea 60^ et 65^ de latitude sud. Ce mduremeBt dai 
eaux flroidee est il d'abord dirigi ven le nord-^nord^cst, et puis (nur 
le parall^le de S5° sud) vers I'ouest, en frappant oontre les edtes du 
Chili, et se diyisant sur ees cdtes en deux courans vera le nord et le 
sud ? Examiner la temperature de ee fleuve p61agique loin du lit- 
toral i Touest du Chili, (Voyez rint^ressante Caiie du mouvement 
des eauac dans h Grand Odan Aush^y par le Cc^piiaine Duperr^f 
1831, et r Atlas Physique de Berghaus, Cahier I. No. 4.) 

Employer di£f<§ren8 moyens, ou de nivellement optique le long 
des mats, ou de depression d*horizon (si le soleil est visible), ou de 
privation du vent par les vagues (en mesurant en mime terns Tineli- 
naison de la mature,) pour determiner, dans une templte, loin des 
odtes, le maximum si souvent contest^ de la hauteur des vagues. 
Jai cru trouver qe nuudmum de 43 pi^s fran^ais, par le moyen de 
la depression de Thorizon, daus la Mer du Sud, pendant une de ces 
tempdtes designees sous le nom de Papagayos, it Touest des cdtes 
de Guatimala. D'autres voyageurs oroyent ce chiffire de beauooup 
trop grand. 

IV. Atmosphere. 

Si la pression moyenne de Fair au niveau des mers diminue dans 
Themisphere boreal, depuis le parallele de 55^ vers les tropiques et 
vers requateur, elle paroit, par de certaines longitudes, diminuer 
aussi, entre les 55® et 68^ et puis augmenter de nouveau. D'aprds 
les recherehes de M. Schouw, on trouve, i zero de temperature et en 
appliquant avec M. Poggendorf la correction relative a la pesanteur, 
pour 

Nord. 

Christiansborg . . 5^** 

La Guayra . . • • 10 

Palerme 38 

Naples ••••*. 41 

Londres 51f 

Altona 53-i 

Danzig 54^ 

Edinburgh . ... 56 

Christiania • • . . 60 

Bergen . • , . . . 60 

Reikiavig 64 

Godthaab 64 

Upermavik .... 73 

L'Be Melville . . . 7U 

Spitzberg 75| 

En faisant abstraction de la correction relative a la pesanteur, qb 
auroit, pour La Guayra 336*98, pour Londres 337*33, pour Reikia- 
vig 333-36, pour File Melville 335-61. (Poggendorf, t. xxvi. p. 
241 et 475.) II est important d'avoir ces chiSres sous les yeux 
pour les comparer avec les hauteurs moyennes du baromdtre que 

* AaoifPM moivre d« France. 



Li^nes *• 

Bar, 336-09 
6-16 
8-00? 
7-82 
7-53 
7-35 
7-24 
6-46 
6-74 
6-02 
3-89 
3-86 
5-49 
6-35 
6-23 
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les Yoyageurs obtiendront, r^duites a zero de temperature, par les 
diff^rentes latitudes et longitudes de Themisphere austral. 

On comparera aussi la direction moyenne des vents de rann^e et 
des saisons avec la pression atmosph^rique. 

Quant a la direction du toumoiement du vent dans les deux hemi- 
spheres, effet de la rotation du Globe et de la vitesse des molecules 
d'air correspondant a cbatpe parallele, je reoommande les ing^- 
nieuses recherches de M. Dove dans les Meteorologische Vhtersu" 
chungen, 1837, pp. 124 — 138. D^ja Bacon de Verulam a dit, dans 
le chapitre De succe^sione ventarum : ^^ Si ventus se mutet conformi- 
ter ad motum solis, non revertitur plerumque." La direction du 
tournoiement est opposee dans les deux himisphdres (Churtiecaf 
Viage al MageUaneSf 1793, p. 15); mais ce fait, connu depuis 
long'tems des marins, n'avoit pas 6t6 examine sous le rapport de 
ces importantes influences m^teorologiques. 

Examiner la temperatures des plages et la comparer i la tempe- 
rature de Tair. Placer des tbermomdtres dans le sol a differentea 
profondeurs, sous differentes latitudes. 

L*observation des HfraoUons par un froid trds-intense deviendjroit 
surtout importante, si par Tascension a quelque montagne voisine et 
d'une elevation considerable, on pouvoit determiner en meme-tems 
le decroissement du calorique. Dans le voyage de la corvette La Re- 
eherche au Spitzberg et aux c6tes deLaponie, on s'est servi de ballons 
captifs et de thermom^trographes, mais des experiences de ce genre 
sont d'une execution peu facile. Le decroissement de la chaleur est 
si lent pendant de grands abaissemena du thermometre, que les ob- 
servations de refraction de M. Svanberg faites en Laponie par 29^ 
centesimaux audessous du point de la congelation donnent, d*aprds 
les formules de M. Laplace, un decroissement de 243 metres par 
degre centesimal. 

UEphemeride des etoiles filantes, publj^e par M.Quetelet, sera in- 
dispensable aux voyageurs, pour fixer leur attention sur d'autres jours 
que ceux d' Aout et de Novembre. Examiner si les mois de Fevrier 
et de Mai se signalent partioulierement, et si les jours des grandes 
chutes d'etoiles filantes il y a simultanement des traces d'aurores 
australes. L'Amiral Wrangel assure avoir observe souvent, dans 
son expedition aux iles des Ours et de Kolioutchin dans la Mer 
glaciale, que pendant les aurores boreales, certaines regions du 
ciel ne sont devenues lumineuses que lorsque des etoiles filantes 
les ont traversees. Les aurores australes laissent-elles des traces 
pendant le jour : ces traces se manifestent-elles par une certaine 
disposition Imeaire de nuages, (cunmUto-straius du journal de M. le 
Capitaine Fitz-Roy,) egalement espaoes? Ces rang^es de petits 
nuages ou bandea pelairea m'ont paru le plus souvent dirigees daas 
le meridien magnetique, p.e. sur le plateau de Mexico, quelquefois, 
surtout dans le nord de VAsie, je les ai vues toumer progressivement 
pendant dea nuits trds-calmes du N. par TE. N. £. a TEst. Ces 
apparences ne seroient-eUes que des efPets de perspective, des con- 
vergences de stries paralleles, causees par des veuts superieurs ?— <* 
Cette explicatioB me paroit douteuse. 

h2 
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V. ZOOLOGIE. 

Les m6morables travaux de mon ami et compagnon de voyage, 
M« Ehrenberg, et les rapports qu'offrent ces travaux, soit avec la 
connoissance intime de rorganisation d'animaux que Ton croyoit 
jadis d'une structure infiniment simple, soit avec la phosphorescence 
de Toenail, et les grandes questions de la Geologic modeme, invitent 
les naturalistes voyageurs a dinger leurs recherches sur les points 
suivans : 

Recueillir de Teau de mer partout od Ton aper^oit a la surface des 
changemens de couleur et de density, en forme de pellicules, de stries 
et de taches huileuses. Dans ces parages on est sur de trouver abon- 
dance d'animaux microscopiques, et comme il est prouv6 par I'exp^- 
rience que ces petits 6tres, meme les infusoires p§lagiques, peuvent, 
soit a cause de leurs carapaces siliceuses, soit a cause de la consis- 
tance de leurs membranes ou tissus organiques, dtre examines sous le 
microscope, apres avoir 6t^ conserve pendant plusieurs ann^es, on 
tachera, j'espere, de les recueillir de deux manieres. La oii Ton 
voit les stries de di£[<§rentes couleurs, Ton enlevera une portion de 
ces stries, en enfon9ant dans Feau de mer des lames tr^s-minces de 
mica, ou du papier bien fort. Ces lames de mica, ou ces feuilles de 
papier seront soulev6es horizontalement ; on les s^chera et les con- 
servera dans un livre, les animaux restant attach^ aux memes lames 
de mica ou feuilles de papier, au moyen desquelles on les a recueil- 
lis. Dans les parages ou Teau de la mer paroit entierement pure et 
presque incolore, elle renferme souvent des acal^phes, des crustac^s, 
et des infusoires microscopiques. II s'agit seulement de pouvoir 
examiner ces eaux dans un Itat pour ainsd dire concentre, d'enfermer 
les ^tres vivans dans un moindre volume du fluide. A cet effet, M. 
Ehrenberg a Thabitude de faire puiser de Feau a la surface de la 
mer dans un seau, et de la faire filtrer ou passer a travers un linge 
trds fin, de mani^re que chaque fois on s6pare la portion concen- 
tric qui n'a pas encore p6netr6 entierement a travers le filtre. Ces 
portions concentrees (plus riches en animaux invisibles k Tceil nu) 
sont conserv^es dans de petits flacons de 2 ou 3 pouces de haut. 
On laisse quelques bulles d'air entre le bouchon et Feau. Si pen- 
dant Fop^ration de la filtration, on d^couvre quelques acalephes visi* 
bles k Foeil nu, il faudra les s^parer et les placer dans Fesprit de vin, 
afin que ces petites masses gllatineuses n'alterent pas Feau de mer 
concentr^e. 

Comme ces operations sont extr^mement faciles, il est a d^sirer 
que pendant toute Fexp^dition, par di£P6rens degr^ de latitude et de 
longitude, on recueille de Feau de mer surtout la oii les algues ma- 
rines abondent. Par les moyens qu'on vient de proposer, on par- 
viendroit a ^tendre d'une maniere inattendue la connaissance de la 
nature intime des petites organisations et de leur distribution g6o- 
graphique sur le globe. II ne faut pas oublier que les estomacs 
remplis de carmin et d'indigo dans tons les Polygastres, que les 
yeux dans les Rotiferes et VEttdorina elegansy et les dents des Hy- 
datines; se conservent pendant de longues ann^es, lorsque ces etred 
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microscopiques sont pr^par6s entre des lames de mica d'aprds la 
m6thode de M. Ehrenberg. 

Recueillir les animaux qui causent la phosphorescence de Toc^an, 
phosphorescence dans laquelle le MammariascinHUans semble jouer 
le role principal, avec d'autres acal^phes et des infusoires p^ls^iques 
(especes de Peridinium, de Synchseta et de Prorocentrum). Obser- 
ver si la phosphorescence n*est pas plus generate et plus fr^quente 
par un del convert et d*apparence orageuse : examiner si pendant 
la phosphorescence gen^rsJe de I'Oc^an r^^quorea forskoeliana^ 
A, phosphoriferoy le Pelagia cyaneUa^ P. nociiluca et P.panopyra^ 
Ittisent par scintillation c. ^. d. non d'une mani^re continue, mais en 
donnant des ^tincelles par la d6charge spontan^e de certains organes 
61ectriques cellulaires ; conserver ces acalephes et les b6ro6s phos- 
phoriques dans Tesprit de vin ; examiner si certaines espdces de 
poissons, ChimcBra arctica, Clupea erytkrceay Coryphcena hippuris 
et Scomber pehmys, sont phosphorescentes par elles-m^mes, ou si ce 
n'est pas plutot par Tadh^rence d'infusoires phosphorescens. 

Recueillir partout celles des substances min^rales qui selon les d6- 
couvertes de M. Ehrenberg, sont compos^es d'infusoires fossiles 
comme le trlpoli, les schistes a polir, les semi-opales, les min^rais de 
fer limoneux riches en GalioneliaferruffiTiea, les depots color^ des 
sources sal6es ou ferrugineuses, les craies, les silex pyromaques, les 
marnes alternant avec la craie, les dep6ts siliceux, les terres que 
mangent quelques peuples, par gout ou par besoin. Quoique les 
infusoires k carapaces siliceuses, plus indiffirens aux variations des 
latitudes et des climats, ayent manifest^ g^neralement plus d*aptitude 
k r6sister aux grands cataclysmes g^ologiques, plusieurs des bryozoa 
calcaires ou polythalames de la craie existent cependant aussi vivans 
dans la mer actuelle. M. Ehrenberg en a r^cemment trouv^ de 
vivans dans la mer Baltique, identiques avec des polythalames en- 
fouies dans les craies et leurs marnes. Cette circonstance d'identit6 
donne, k cause de Tage des formations craieuses, un vif inter^t g^ 
ologique a ce genre d'investigations. 

Recueillir et conserver avec soin, k cause des petites organisations 
qu'ils renferment, les sables des dunes, les sables de toutes les c6tes 
que Ton visite, les sables rejet6s par les hautes marges, les sables 
qui s'attachent a la sonde et k Tancre des vaisseaux ; recueillir des 
6chantillons des terres qui composent les marais et des endroits 
inond6s et dess^ch^s. Les plus petites quantit6s suffisent, en 
marquant bien exactement les localites oi^ elles ont 6t6 receuillies. 

VL BOTANIQUE. 

PlarUes marines qui vivent en sociiti, 

II reste des doutes, si dans certains parages (comme au banc 
d'algues anciennement connu pres des lies Azores) le Ftunis natans 
(Sargassum vulgare et *S'. bacciferum, Agardh) continue a v^g^ter 
sans racines, en flottant a la surface de rOc6an au gre des vents et 
des courans, ou si le Fucus, r^cemment arrach^ k des rochers dont 
on suppose I'existenGe et la proximity, ne pent conserver son #tat de 
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fraicheur que pendant un tris court espace de temi. Leu ingtei- 
euses considerations de M. Charles Darwin (Journal, pp. 809—305), 
ont r^pandu un nouvel int6rit sur ces '^ great aquatic forests." 
L'analogie des Yaucheries et du Pofysperma ghmerattty la fadlitd 
m6me avec laquelle, dans Teau douce, des plantes phan^rogames 
(YAldrovanda vesiculosa, et des branches du Nc^ major) eon- 
tinuent ft v6g6ter, lorsqu'elles nagent d^pourvues de racines, ont 
fiit croire k un voyageur d*une instruction tres-vari6e, M. Meyen, 
que le Pueus naians peut pousser des feuilles (firondes), sans racines 
et sans adherence au fond, mais que dans ce cas, le Fveus naioHs 
flottant ne porte jamais de fruits. Recueillir les ^hantiUons de 
Fucus qui se sont d6Telopp68 en forme arrondie, les branches s'^ten- 
dant comme par rayons. Mesurer la temperature de Teau la plus 
ftoide dans laquelle T6getent ces plantes sociales. 

(Signe) ALEXANDRE DE HUMBOLDT. 

Berlin, le 26 Octobre, 1839. 



LeUerfrom Professor A. JSrman to Major Sabine, R.A^ F^R.S. 

Monsieur, A' Berlin, le 12 Nov. 1839. 

J'ai eu le plaisir de vous exprimer a Berlin mon yif int6rdt pour 
Texpddition magnetique, dont votre rapport sur Tintensit^ totale 
(^Seventh Report of the British Association for the Advancement of 
Science) a fait conceyoir le plan, et que le gouvernement Anglais a 
mis en oeuvre ayeo une munificence enti^rement digne du siydt. 
Vous sayez combien je f61icite les yoyageurs qui continueront jus- 
qu aux plus hautes latitudes Australes, les obsenrations que je n'ai 
pouss^es que peu au deU du paralldle du Cap Horn, et qui yont tout 
autant preciser la forme et la position des lignes magn^tiques de cet 
h^misphdre, que nous ayons pu le faire, M. Hansteen et moi, pour 
oelles de TAsie du Nord oil tout conspiroit a fayoriser notre entre* 
prise. Aussi est ce ayeo beaucoup de reconnoissance que j'accepte 
Pentremise que yous ayez bien youlu m*offrir, pour signaler aux 
membres de cette grande expedition, quelques r^ultats et quelques 
sujets de recherche, que notre yoyage pour un but analogue me 
porte ^ recommander k nos successeurs. II est yrai que la belle in- 
struction dont la Soci§t6 Royale a muni ses yoyageurs, leur indlque 
tr^s completement les moyens d'obtenir, tant sur mer que lors des 
mouillages aux cotes et aux glaces polaires, une s^rie continue de 
determinations des trois Siemens magn^tiques. EUe est si riche en 
d6taib importans que, dans I'int^ret de la science, on ne sauroit rien 
desirer au-dela du stricte accomplissement de ce plan de yoyage. 
Cependant pour toujours soutenir Tattention et le zele dans un tra- 
Tail unifonne d'aussi longue dur^ei et pour les faire redoubler a point 
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noinm^, daiisles endroits oA les observatioiu augmentent d'importancey 
11 n'y a je crois rien de plus efficace^ qu'une oomparaison suivie des 
r^sultats de robservation> d'une part avec oeux de la th6orie qu'il 
8*agit de perfectionner) et de Tautre aveo les Evaluations purement 
empiriques de ses pr^d^cesseui^ L'expEdition antarctiqu^ doit 
iouir de cet avantage pour ses mesures d'intensitE totale^ en se ser^ 
vant de la carte isodynamique oonstruite d'aprds la th^orie de M* 
GausS) et de celle que rout avez directement Etablie sur les r^suliat* 
de« voyageurs*. J*ai destinE aux m^mes fius la carte ci jointe^ PLIII.^ 
repr6sentant les UgnM digah dMinaison pour une ^poque en$te 1 837 
€i 1830. Je les ai obte&ues par une interpolation graphique, et de« 
vant foumir des isogones indipendantes de toute vue de th6orie. 
J*ai not6 sur la carte mdme les r6sultats numEriques qu'elle repr^ 
sente, et il ne me reste ici qu*& mentionner les voyageurs qui les out 
foumisi la direction des routes qu'ilsont suiviesj et TEpoque de leurs 
observations* 

I. L*jBurope et FAsie septentrionates, 

MM. Hansteen et Dtte^ de ChrisHania k Irkuxk et 6 r«mbottchur« 
du Jeniseiy en 1828 et 29* 
Ermarif de Berlin aux bouches de rObi^ par Irkuzk et Ochozk 
au KamtichaAaf en 1828 et 29. 

II. Le Grand Ocian, 

Le Capit UJiihe (sur la Corvette le Svniavme)^^\3i CapEtorUy par Fa/- 

paraisOf les iles de Sitka et cTOunalaska^ k Pettdpaw- 

hwehf en 1827* 
Idem (idem) de Petrcpawlowtk i Mmilla, en 1828. 
Erman (la Corvette le Krotkoi), de Petropawlowsky par 

Sitkay San Francisco, et Otaheite, au Cap Horn, en 

1829 et 30. 

IIL L'Atlaf^ique. 
Le Capit. LiUke (le Sinia/vine) de Tile de Teneriffe, par Rio JofmrOf 
au Cap Horn, en DIcembre 1826^ et 1827* 
Idem (idem) du Cap de Bonne Bspirance, par les iles de 

St, Helene et de JPayal, au Canm Angkns, en 1829. 
Erman (le Krotkoi), du Cap Horn, par Mio Janeiro, a 
Portsmouth, en 1830* 

IV. La mer des Indes, 

Le Capit. Hagemeister, (la corvette le Krotkoi), dtt Cap de Bonnei 
Espirance, a Port Jackson, en 1828. 
LMthe (le Siniavine), de MamUa^ au Otq^ de Bonne Espi** 
ranee, en 1829. 

Je n'ai du ajouter a ces r6s altats presque contemporains (Dec. 1 826 
k Oct 1830) qu*une dixaine d'observations ant6rieures, toutes faiteil 
dans la mer glaciale du Nord, et nommement par le Capitaine Wrangel 
dans la partie orientale de cette mer (68^ k 10° ]at, 162^^ k 182® a 
Y Est. de Green«) en 1823> et par 

• PL I. itiiA n. 
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Le Capitaine Liiike dans sa partie occidentaie (70^ a 77^ lat«> 27^ 
a 52° a I'Est de Green.) en 1821. 

Si Ton compare maintenant dans leur ensemble ce trac6 imm^- 
diatement calqu6 sur les observations, et la carte que la th^orie de 
M. Gauss a foumie pour la mdme epoque, PI. IV., on sera frapp^ de 
leur accord ^muiemment satisfaisant, tant pour les formes que pour 
les places qu*elles assignent a la plupart des isogones. On enyisagera 
toutefois, comme prevues d'avance, des courbures plus accidenties et 
nioins arrondies dans les isogones empiriques : r^ultats necessaires 
tant d'une interpolation imparfaite d'observations affect^es d'erreurs, 
que d'influences locales, telles que la differente constitution geologi* 
que des pays et leurs accidens de climat ; car la th6orie que son 
illustre auteur ne pr^ente que comme une ebauche, ne saurait d^ja 
reproduire ces efiets de causes secondaires. Mais, ind^pendamment 
de ces 6carts accidentels et locaux, une comparaison suivie des deux 
cartes fait ressortir entre elles quelques differences plus decid^ment 
prononc6es, portant sur de grandes portions d'isogones bien 6ta- 
blies par Tobservation. Je me permits de les signaler ci-apr^s a 
Tattention de vos voyageurs. 

§ 1. Entre 0« et 150° E. 

1. Les sommets concaves des isogones negatives (orientales) que la 
carte empirique place vers 77° B^ y aUeignent de moindres latitudes 
que dapres la iMorie* 

Nomm^ment: 

Sur la carte empirique. Sur la carte de M. Gauss. 
L'isogone de -- 15° descend jusqu'd ^S"^ lat. 78° lat. 

„ - 10° „ 58° 5' 64.° 

2. he sgsteme de d^clinaison positive ou ocddentahy qui a son 
centre d*apres linterpolation graphique vers 130° E., et d'apres M. 
Gauss dpeine 0°*3 a Fouest de ce mime miridien, sicarte de la iMo- 
rie par la valeur des lignes qui le composefU, et cette difference est 
V inverse de la precidente. 

Les sommdts convexes de ces lignes sont, 

Sur la carte empirique. Sur la carte de M. Gauss. 

Pour la courbe de 0° a 68°'5 lat. 61°'7 lat. 

„ „ +2° eS"" 54° 

„ „ + 6°vers61° n'existe pas, le centre 

du systeme situe en 45° lat. ne devant avoir que -f 2° 30' declin. 

On r6sumera ces deux circonstances, en observant qu'un voyage 
depuis 65"" lat et 77** E. long, jusqu'en 61° lat. et 130° E. long, offre 
en r6alite un plus fort changement de declinaison que suivant la th6- 
orie. En eff^t le changement observe serait de 21° (depuis — 15° 
jusqu'a + 6°) o^ la th^orie ne demande que 10° (depuis — 10^ 
jusqu*^ 0°). 

3. La difference des deux caries relative a la ligne sans decU' 
naison entre les dits meridiens n'est au fond qu^une suite de ces deux 
circoTistances (Nos. 1 et 2). La branche occidentaie de cette courbe, 
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8ur laquelle la th6orie et Tobfiervation sont presque d'accord, et que 
cette derni^re fait passer par 50^ lat. et 48° £• long., se distingue sur 
les deux cartes par son prolongement vers le Sud et le Sud Est. 
£lle a son sommet concave sur la carte empirique en — P lat. et sur 
la carte de M. Gauss vers —10^ 2 lat. (les latitudes australes 6tant 
pris negatives), et pass^ ce terme, d'apres Tobservation directe, la 
courbe se releve vers le Nord Est et le Nord, embrasse le systeme 
Asiatique de d6clinaison occidentale^ pour ne se replier qu'apr^, 
par la mer d*Ochozk» le Grand Oc6an, et la mer des Indes, sur la 
nouvelle HoUande. La th6orie lui assigne au contraire, d'abord 
apres le sommet concave, un rebcoussement vers le Sud (en 105° 
E.), qui la porte directement sur la nouvelle HoUande ; aussi voit on 
sur la carte de M. Gaussy le susdit systeme de d^clinaison occiden- 
tale, entour6 d'une courbe ^ ziro ferm6e et isol^e, et dont la branche 
orientate se trouve plus ^ I'ouest que ne le demandent les observations 
pour la partie correspondante de la ligne continue. 

En effet ces parties correspondantes de la courbe & z6ro coupent : 



Sur la carte empirique. 

Le 60° lat. sous 150° E., 
50° „ 151°-3 E. 



Sur la carte de M. Gauss, 
sous 140° E. 
147°-8 E. 



n 



Mais je suis loin d attribuer une sp6cialit6 d*int6ret d Xisogone de 
zero; — ^la difference de deux branches isolees, i une courbe con- 
tinue, que nous venons de lui trouver sur les deux cartes, ne me 
parait au contraire ni plus ni moins grave, que si elle portait sur 
quelque autre courbe de ce genre. Je crois plutot que pour 
voir cet ^cart dans son vrai jour, il faudra observer que dans le sy- 
steme en question, la valeur limite entre des courbes isol^es et des 
courbes continues est, suivant la thiorie de ~ J ° 14' dScHn, orient 
tale, tandis que Fobservcttion parait Felever k une diclin. occidentale 
de H- 1% ou environ, car pour d^river de donn^es num6riques la va- 
leur pridse de cette limite^ il ne suffit ni d*une interpolation gra- 
phique ni d'aucun moyen diffi§rent d*une throne complete. J observe 
en outre, et pour me pr^munir centre plus de responsabilit^ que 
je ne dois avoir sur ce point, que la dite partie de ma carte repose 
uniquement sur les observations suivantes de M. Lutke. 



LoDgit. 


Latitude. 


Dedinaiflons 

d'aprds ; 

M. Lutke. La thlorie. 


L-T. 






L. 


T. 




135° 34' 


+ 14° 35' 


+ 0°10' 


-1°^5 


+ l°-4 


134 SB 


+ 15 34 


+ 4 


-1 


+ 1-1 


134 04 


4- 16 4 


+ 1 2 





+ 1-0 


122 S3 


H-19 54 


+ 2 20 


+ 0-2 


+ 2-1 


117 53 


+ 13 41 


+ 33 


-0-8 


+ 1-3 


115 21 


+ 13 4 


+ 23 


— 0-8 


+ 1-2 


113 03 


+ 12 41 


4-0 33 


-1-4 


+ 2-0 


105 04 


-8 39 


+ 1 26 


-0-4 


H- 1-8 


105 32 


-9 46 


+ 1 


-0-2 


+ 1-2 



106 

Malgrd leur grande influence gar la foime de la courbe k ifyto^ 
ces diffirenees entre la th^orie et Tobserration sent done beancoup 
plus foibles que oelles observ^es dans les contr6es pr6cit6es (Nos. 
1 et 2) et qui s'^leraient retpectivement ^ — 5^ et ^ -f- 6^ 

Les parties australes des deux cartes situ6es entre les dits m€n* 
diens de 0® & 150° £, s'accordent trds bien entre elles. 

§ 2- Depuis 150« jusqua 360° E. 

n en est de m^me dans rhemisph^re boreal, depuis 162^ jttsqu*ft 
262° E., pour les isogones de —30°, ^ ---15°; mais pass6 ce terme 
les courbes th6oriques de — 12°, de — 10°, etc. portent les d^clinaisons 
orientales qu'elles expriment jusqu*a de moindres latitudes bor^es 
que ne Tindique Tobservation. Ainsi 

iSur la carte empirique* La carte de M. Gauss* 

Uisogone de — 12° descend jusqu'a 83°*5 lat. 23° lat. 

6° „ „ 28° -5 17° 

C*est cette circonstance, et une toute pareilie pour les isogones de 
m^me nom dans Themisph^re austral, qui produisent 

4<. Une divertki des detix cartes relaiivement au eyetemeferme de 
declinaison orientale dans le Grand- Ocian, 

Les courbes de — 10°, — 9°, et — 8° sont les parties de ce systdme 
que Tobservation directe a le mieux reconnues, et nous trouvons a 
chacune d'elles plus d*6tendue dans le sens du meridien que ne 
Tadopte la th6orie. Ainsi d'apres 

La carte empiriqiie. La carte de M. Gatus. 



Uisog. de — 10° va 


r depuis +27°*8lat. 
\ jusqu'a — 49°'5 


-h 17° lat 
-39 


,j - 9° „ 


/ depuis + 25 
yusqu*a — 47 


+ 12°-5 
-36 


„ - 8° „ 


r depuis +23 
\ jusqu ^ — • 44°*5 


H- 7°*5 


-34° 



Leurs diametres dans le sens du meridien sont done respective- 
ment: 

d'aprds Fobservation directe de 77°'3, 72° et 67°'5, 
et d'apres Vinterpolation tMorique de56°,43°'5 et41°'5- 

Les observations nous apprennent en outre sur les isogones de ce 
systeme, que celle de— 10° passe bien d#cid6ment d'un pole nord k 
un pole sud, et qu'au contraire la courbe de —8° est isoUe etrentrante. 
L'isogone de —9° participe tellement aux proprilt^s de ces deux 
especes de courbes, que, parmi celles que repr^sente ma carte, elle 
doit ^tre la plus voisine de la valeur limite. La th6orie s y accorde 
tres bien en indiquant —8° 46'*5 pour cette meme limite. L'accord 
des deux cartes est moins parfait sur la position du centre de ce 
systdme et sur la declinaison qui y rdgne, car la forme des courbes 
empiriqueS de— 10° ^—7° engagerait a le presumer situ§ 

vers 231 °'8 E. 
-12° lat 
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tandis qua riDterpolation th6orique le porte en 

— U^5 lat 
auBsi la throne atiiibue ^ oe point une dieiinaison mmimum de 
^5^l5\msAB nous avons tris Bouvent obtervi sur leKrotkoi^demdma 
que Mr. Liitke sur la route plus orientale du Siniavin, des d^cli- 
naisonfl entre— 5® et— 4® et m#mes quelques unea de— S^SC^— 3*4<y. 
Nous itions oependant encore tr^ sensiblement eloign^s du centre 
des courbes. 

5. Dans Vkemispfi^re augtral mUre leg mMdiens 4$ 192^ £• et 
262° E, les isogones cfe— 12° et rfc— 15°, dHapres la thioHe ne s^ap- 
prpcheraient dupole atistral quejiisqu'atixparallelei de -^SS^'S et de 
~49°> tandis qtie les observations paraissent les y 4tendre jusqi£en 
— 52°*7 et — 58«. 

Mais je termine cette comparaison, en vous priant, Monsieur> 
d'accorder encore votre attention k Tharmonie tr^s parfaite ded deux 
cartes relativement au systdme de diclinaison occidentale qui re« 
CQUvre TAtlantique et TEurope, lequel, vu la grande frequence des 
observations dans ces parages, est un des plus solidement etablis par 
Texp^rience directe. La theorie porte la valeur limite pour d sy 
st^me &+22^ 13^ et les observations d^montrent, d'abord, que cette 
m^me valeur est comprise entre +20^ et +25^; et de plus, qu'elle 
est beaucoup plus rapproch^e de la moyenne arithm6tique de ces 
deux nombres, que d'aucun d'eux. 

Je passe ^ quelques autres sujets de recherche que je me pentnets 
de r^umer en de simples questions : 

Aurores Potaires, Y a^t-il dans les hautes latitudes antarctigues 
qttelque indication d'une duplicity d* Aurores Polaires 9 Les habitans 
de Bir^smv sur TObi (63'' 5& N. lat/) en distinguent en eff^t de 
deux esp&ces : de plus foibles ayant leurs centres k TOuest ; et de 
plus britlantes qui se forment k V Est du meridien* Les donn6es que 
j'ai pu recueillir sur les azimuts oil se formeraient ces deux ph^no- 
mdnes m'ont fait presumer qu'ils surgissent respectivement de Fun 
ou de Fautre des deux foyers magn^tiques de Themisphere bor6al. 

Pho^horescence de la mer, Eaciste'441 un minimum de tempi*' 
rature qui empicheroit d avoir lieu le develcppement de luMiih^ op6r6 
par des Meduses, des Scohpendres^ et surtoutpar des Crustacis mt- 
croscopiques vaguement qualiji^ de Zoophytes infusoiresf 

J*ai observ6 des phases tres brillantes de ce ph^nom^ne sur la 
mer d'Ochozk dans les nuits du 

3 Aoui par +39^2 F. temperature de la mer. 

5 Aout „ 4-4j1 '0 „ 

6 Aout „ +41 -2 „ 
1 Aout „ +46-6 „ 

mais il y eut cessation parfaite la nuit du 4 A(mt oi!k la temperature 
de la mer baissa jusqu* k -f 37^*4 F. 

Un ph6nomdne lumineux, difilirent d'apparence et d'origine, s'ob- 
serve sur ia m6me mdr d'Ochozh k Tapproche de la saison froide, et 
y est connu sous le nom de Spolochi* Ce sont des bandes lumineuses, 
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qui paraissent douses d'un mouvement propre^et qui se repandent en 
jets rayonnans, depuis un centre commun a plusieurs d*entr*eUes et 
^galement situe a la surface de la mer. On ne saurait les confondre 
avec la lumidre due aux MoUusques, laquelle ne forme jamais des 
bandes, mais des points distinctement isol^, et brillans de pr^f6rence 
dans le sillage du vaisseau, dans les brisans, et sur T^cume des lames 
et des vagues. Les bandes en question ressemblent au contraire a de 
la lumiere §lectrique qui se r^pandrait k la surface d'un conducteur 
imparfait. Ya-t-il des pkSnamenes analogues dans F hemisphere atis- 
traly ei guelles circanstances paraisseni lespravoquer f 

M^teorologie. 

A 6galit6 de latitude, la moyenne hauteur du barometre m'a paru 
moindre sur le grand Oc6an que sur la mer AUantique : la mime dif" 
ference s^observe^-eUe encore sur les prolongemens des miridiens en 
question jusqu* a de hautes latitudes Antarctigues ? 

Sur le grand Oc^an, entre le 50^ et 60^ de latitude nord, c'est bien 
d^cid^ment le vent d* Quest qui augmente la pression atmosph^rique 
au dessus de la valeur moyenne. Get effet du vent d' Quest est le 
contraire de ce que Ton observe en Europe, et il me parait fort in« 
teressant de recueillir sur ce point des donnees correspondantes dans 
rh6misph^re austral. 

J'ai vu avec beaucoup de plaisir que la Soci^t^ Royale dirige Tat* 
tention de ses voyageurs sur la difi^rence de la colonne barom6trique 
aux limites polaires et aux limites §quatoriales des zones aliz^es. 
Voici les resultats que j'ai obtenus k cet 6gard de mes propres ob- 
servations. {Poggendorf^ An. der Phgsik^r 1831.) 



Mois. 



Longit 



Aliz6 N.E. 


Mois. Longit. 


Aliz^ S.E. 


DUr.deshaut 




Diff. des haut 


barom. 




barom. 


S'H54^ 


Mai 179^ 


2'"-245 


-929 


Jan. et Fev. 222 


2 -714 


3 -016 


Juin et JuiL 324 


2 -453 


2 '668 


Decembre. . 333 


1 -492 



Mai et Juin.. 167° 

Janvier .... 233 

Juil.et Aout. . 327 

Novembre . . 342 

Les differences sont exprim6es en lignes du pied de Paris, et se 
rapportent aux colonnes barom 6triques observ^es k la limite polaire 
et a la limite 6quatoriale de la zone alizee. 

Essuie-t-on jamais des orages sur mer quand on est a la fins a 
une grande distance de toute cdte, et loin des limites des cdizSs 9 JJes^ 
perience d-une seule annee ne m*en afoumi aitcun exemple. 



Etoiles Jilantes, 

Si les voyageurs antarctiques ont le loisir d*observer le retour 
p6riodique des ^toiles filantes du 10 Aout ou du 13 Nov., il seroit 
fort a desirer qu'ils fissent attention a la direction apparente de leur 
mouvement, et que nomm6ment ils dessinassent sur une carte ce- 
leste leurs trajectoires apparentes, pp^r ^xftmiu^r apres, si leur$ 
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prohngemens se caupent en un mime point du cieL Les £toiles tom- 
bantes de 18S9, Aoht 10, convergeaient toutes vers le point du ciel : 

Ascens. droite 222®'4j 
Declinaison .. 5P*2 Australe. 

LMnstruction de la Soci6t£ Royale ayant dirig6 Fattention des 
voyageurs sur la Chionis Afba^le me permets de leur communiquer 
que nous avons pris dans deu& jours cons§cutifs 5 ou 6 de ces 
oiseaux, en nous trouvant ^ la hauteur des iles FaUdandsy et a une 
distance de 48 ^ 60 milles marins de leur extr^mite orientale* H 
est vrai que ce fut par un vent d'&uest assezfraisy mais on ne sauraii 
cependant decider sans recherche ult6rieure>8i ces oiseaux int^ressans 
ne sont pas engages par quelque autre cause £i s*61oign^ des cotes 
qu*ils habitent. Les CTiionis nous ont paru si propres a la domes- 
ticity que Ton pourrait sans doute es conserver yivantes jusqu'au re- 
tour en Europe, et pent ^tre m^me en faire propager Fespece. II est 
fort probable qu'ils senourrissent de pr6f6rence de grains ou d*autres 
semences dures, car nous leur avons constamment trouv6 dans Testo- 
mac du sable et de petits cailloux, que nous croyions destines & faci- 
liter la trituration et la digestion de pareilles substances. 

Je termine ces remarques detach^es en me recommendant, Mon- 
sieur, ^ rindulgence que vous daignates si souvent t^moigner k 

Votre tres devoui serviteur, 

M. le Major Sabine, R.A, A. ERMAN. 
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Comparisons made at the Royal Society's Apartments, Somerset- 
House, in August 1839. 



Royal Society's Standard 
Barometer. 


Major Sabine's, 
(Round). 


Major Sabine's, 
(Flat). 


Flint Olass. 


CxbwnOlaM. 


Att. 
Ther. 


Barom, 


Att. 
Ther. 


Barom. 


Att. 
Ther. 


29-634 
29-670 
29-712 
30*080 


29-630 
29-666 
29-704 
30-072 


67-0 
64*5 
66*2 
60-2 


29-578 
29*616 
29*662 
30012 


66*8 
65*4 
66*5 
61*3 


29*590 
29-616 
29*654 
30-006 


66-8 
65-0 
66-3 
60*9 



Captain J. C. Ross's Instruments. 



Standard Barometer, 
No. 32. 


Mountain Barom., 
No. 32. (I.) 


Mountain Barom., 
No. 32. (2.) 


29-620 
29'e»2 
29-700 
30-068 


64-3 
626 
63*2 
60*6 


29*612 

29*642 
29*686 
30-032 


66-8 
65-3 
66-5 
61-0 


29*612 
29*642 
29*676 
30*028 


63*3 
62*3 
63*2 
60-3 



Comparisons made in March, 1840. 



Royal Society's 
Standard. 



Barom. 
Flint 
OlaM. 



29-664 
29*726 
30*024 
30-266 



Barom. 
Crown 
OUus. 



Att. 
Ther. 



29-656 
29-718 
30-016 
30-258 



46-3 
48*5 
47-9 
45-6 



Standard, 

No. 46, 



BaroiD. 



29678 
29-728 
30-028 
30-268 



Att. 
Ther. 



46*3 
46*2 
49*6 
43*8 



Mountain, 

No. 44. 
Capt. Ross. 



Bttom. 



29-646 
29-676 
29*962 



Att. 
Ther. 



46-2 
46-3 
49*0 



Mountain, 

No. 45. 
Capt. Ross. 



Barom. 



29-652 
29-672 
29-952 



Att. 
Ther, 



47-4 
47-4 
50*2 



Mountain, 

No. 46. 
Lt.Wilmot. 



Barom. 



29*690 
29-708 

29*986 



Att. 
Ther. 



46*8 
46-9 
49*5 



Mountain, 
No. 47. 



Barom. 



29*662 
29*684 
29*966 



Att. 
Ther. 



46-4 
46-6 
49*2 






Comparisons of Standards with the Royal Society's, made for the 
Honourable the East India Company, in April 1840. 



Royal Society's Standard. 


Standard, 
No. 48. 


Standard, 
No. 49. 


Barom. 


Barom. 


Att. 


Barom. 


Att. 




Att. 


Flint Glass. 


Crown Olast. 


Ther. 


Ther. 




Ther. 


30-408 


30*400 


48-2 


30*426 


45-7 


30*400 


45*9 


30-368 


30*360 


47-8 


30-380 


46-6 


30*364 


46*6 


30-346 


30*338 


480 


30*356 


470 


30*340 


470 


30*258 


30*250 


50-0 


30-274 


46-2 


30*250 


46-3 


30-134 


30*128 


48-8 


30150 


47*8 


30-130 


48-0 


29*918 


29-912 


49*2 


29-938 


48*7 


29*924 


48*8 



30-380 
30-392 
30-390 
30-390 
30-384 


Mountain, 
No. 40. 


CO 09 CO 09 CO 


30-438 
30-432 
30-432 
30-432 
30-420 


Mountain, 
No. 41. 


CO CO CO CO CO 
•^•^00 GOOD 

• • • • • 

Od en IsO itk. CO 


30-350 
30-348 
30-346 
30-360 
30-432 


Mountain, 
No. 42. 


CO CO CO CO 09 

• • • • • 

l|k.l«fc8COao 


30-426 
30-432 
30-340 
30-438 
30-424 


Mountain, 
No. 43. 


CO Co CO CO 09 
•^*«* 00 GOOD 

CnCOi^COQO 


30-424 
30-426 
30-422 
30-426 
30-418 


Mountain, 
No. 44. 
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MEMORANDUM 



OM THE 



BOOKS TO BE KEPT AT THE MAGNETIC 

OBSERVATORIES. 



The Books which will be required for registering the 
Magnetic Observations are :*^ 



1. A Day 'Book J 

2. A Term DaySaoky 



3. A Miscellaneous Register, 

4. An Abstract Book^ 



and, 5. A Book fof Curves. 



1. The D ay-Book. 

The instruments required to be observed daily at the 
regular magnetic hours are the three Magnetometers, the 
Thermometers of the Horizontal and Vertical force Instru- 
ments, the Barometer witb its attached Thermometer, the 
Dry and Wet bulb Thermometers, and the Electrometer,* 
in all ten (10) in number ; an observation with DanielPs 
Hygrometer of the temperature of the dew-point will be 
taken four times daily, one at each of the magnetic hours 
nearest to the times 3 and 9 a.m. and p.m. of the reckoning 

• The particular description of Electrometer which it is intended 
shall be used has not yet been determined upon. 
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in mean time at the Observatory ; the state of the Weather 
will also be generally described at the same periods as are 
assigned for the observation of Daniell's Hygrometer; at 
the magnetic hours this record is left to the discretion of 
the observer : rejftilar observations at these times are not 
required. The maximum and minimum of Temperature 
and Radiation will be noted once daily. 

Form No. 1 is arranged to contain a ccmiplete series of daily 
observations in oneopenpage; the left hand contains the regis- 
ter of the magnetometers, and the right-hand page the meteo- 
rological register; the headings of the several columns in the 
Form have been entered, and will render them suffidendy 
intelligible without further explanation. Three readings 
of the declination and horizontal force instruments will be 
taken at each observation, and the horizontal lines corre&- 
sponding to the times of observation have consequently been 
ruled in triple sets ; the first and third readings of each 
observation should be entered on the left side of the columns 
so designated, and on the first and third lines of the set, and 
the second or middle reading on the right hand and on the 
centre line. In the vertical force instrument only two 
^readings are taken at each observation, vi%» one of each end 
of the magnet ; they may be entered on the first and third 
lines of the set. The means of all the observations should 
lye entered on the middle line of the three. 

As the three magnetometers cannot be observed simulta- 
neously by the same person, it is to be considered as a gene- 
ral rule that they are to be observed in the order and at the 
times following, viz. 

Vertical force Magnetometer, 2m. 30s. before the hour. 
Declination Magnetometer, at the hour. 
Horizontal force Magnetometer, 2m. 80s. after the hour. 

As it is intended that the series of daily observations 
shall comprise the whole of one civil day, according to the 
usual reckoning of time at each Observatory, it will be 
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necessary to make tlie first set of observations at t)i3 time 
nearest after midnight, corresponding to one of the magnetic 
hours of Gottingen mean time; thus supposing the diffe- 
rence of longitude, in time, of one of the observatories to be 
4h.36m. 41s. {or4h.37ni.")eastof Gottingen, the timeat the 
Observatory of the fii-st daily observation (a in form No. 1) 
would be 12h. 37m. p.m., or thirty-seven minutes after mid- 
night, and would correspond to the magnetic hour 8 p.m. of 
the day previous at Gottingen (A in the form). The other 
observations of the Magnetometers will follow in regular 
order, and will be fourteen (14) in number, including that 
one taken at 3 p.m. Gottingen mean time, which is triple. 
These instruments will be registered for the triple observa- 
tion as follows : — 



6 


] 

V 


1 


3 4 5 


= 


718 


9 


H V|^ 


1 


ill 

vId 


o 
H 



Numbers have been entered in Form No. 1, corresponding 
to those in the above table, which will point out the time 
of observation for each instrument, and also the order in 
which they follow. This arrangement has been adopted in 
the Form to prevent the necessity of leaving blanks. 

The height of the Barometer, and of its attached Thermo- 
meter, of the Dry and Wet bulb Thermometers, the Tempe- 
rature of the dew-point, the Electrometer, and the state of 
the Weather, will be entered in their proper columns on the 
right-hand page, at every magnetic hour, but not at the 
other times of the triple observations. The maximum and 
minimum of Temperature and Kadiation may be noted at the 
foot of the right-hand page, after the state of the Weather, 

* The nearegt whole minute maybe taken in the daily observations, 
but greater exactneas will be necessary on Term days. 
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2. Term Day-Book. 

One day in each month has been set apart for simulta- 
neous observations of the three Magnetometers, at short 
intervals. The Declination instrument will be observed 
every five (5) minutes, beginning with each complete hour; 
and the Horizontal and Vertical force instruments every ten 
(10) minutes, each one successively in the middle of the 
alternate intervals, between the observations of the Declina- 
tion Magnetometer; one observation will thus be taken 
every 2m. 30s., which makes twenty-four during-each hour, 
or 576 during the day. The five Thermometers, the Baro- 
meter, the Electrometer, and the state of the Weather, will 
be registered at the beginning of each hour only. 

nie Term observations will be registered according to 
Form No. 2, in which each page contains the observations 
made during one hour. An inspection of the first page of 
the form, in which the headings have been inserted, will 
render the mode of entry familiar. 

The first observation will be made at 10 p.m., Gottingen 
mean time, of the Wednesday or Friday appointed, for 
which the corresponding time (to the nearest second) at the 
Observatory must be calculated, and entered on the first set 
of lines of its proper hour column. The time at Observa- 
tory for each succeeding observation should be entered in a 
similar way, and the whole of the times for each complete 
Term day, twenty-four pages of the Form, should be filled 
up previous to the comm«icement of the observations, 
that no uncertainty may exist as to the precise time at 
the Observatory at which each observation will have to be 
taken.* The three Magnetometers will be registered suc- 

* It will be found adrifiable to have one of the Chronometers set to 
Gottingen mean time, and if it have a losing rate it will be etill more 
convenient, as the hands may then be moved forumrd, to the nearest 
minute of Gott. m.t. (an operation which does not affect its rate), 
whenever necessary. 
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cessively, one under the other, on the lines corresponding to 
tiieir several times of observation, as shown in the speci- 
fication column of the Form ; these lines have been ruled in 
sets of three, for the same reason as given in the Day-book. 
The hourly observations of the Thermometers, the Baro- 
meters, Electrometer, and the Weather, will be registered 
in their proper columns at the foot of each page, where 
will also be entered the Temperature of the dew-point, at 
the four six hourly periods, and the maximum and mini- 
mum of Temperature and Radiation. 



3. Miscellaneous Register. 

This book will contain the register of: 

1. Absolute determinations ; 

2. Miscellaneous observations ; and 

3. Extraordinary observations. 

The absolute determinations^ which will be made once 
every month, are those of the Dip, Declination, and Inten- 
sity of the earth''s magnetism ; the magnetic moment of the 
bars, and the fixity in position of the reading telescopes. 

Miscellaneous observations are those made for the adjust- 
ment of the magnetic and astronomical instruments ; of the 
changes in the adjustments ; of the effects of temperature on 
the magnets ; of the latitude and longitude of the Observa- 
tory (which should be occasionally repeated, until its place 
shall have been determined with all the accuracy which the 
instruments employed will admit of) ; for determining the 
time, and rating the chronometers ; &c. 

Extraordinary observations are such as will be taken 
whenever an indication may be made by the movements of 
the Magnetometers that causes are in operation, which exer- 
cise a disturbing influence upon the needle. Any remarkable 
phenomenon, — as an Aurora, for instance, which is known 
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to exercise such influence, occurring during such disturbed 
movements, — should, if noticed, be carefully recorded. 

The Magnetometers are also to be watched during storms 
of thunder or wind, or during the occurrence of any phe- 
nomen which may be suspected or considered likely to 
influence the movements of the magnetic needle, and their 
efiect, if any, ascertained by a series of observations, and 
registered. Where no efiect is observed, the same will, 
nevertheless, be noted, and a memorandum made of the 
time through which the Magnetometers were watched, with 
reference to the phenomenon, to ascertain the fact. When, 
however, after several repeated observations during the oc- 
currence of any, the same kind of phenomenon, as storms 
of wind, for instance, it shall appear that the magnets re- 
main undisturbed, such observations may be discontinued. 

The above observations will be kept separately for each 
month, and should be so arranged, that an easy reference 
may be made, whenever necessary, to any individual entry. 

No particular form is necessary for the miscellaneous 
register, but it will be convenient to have it ruled with 
faint lines, as in Form No. 6. 



4. Abstkact Book. 

A monthly abstract of the observations taken each day 
will be made, according to Forms Nos. 3, 4, 5, and 6, and 
of the Term observations according to Forms Nos. 7, 8, 9, 
and 6. Each of the instruments registered daily, at the 
twelve magnetic hours, will occupy for the whole month one 
page of the abstract, and they will follow each other in the 
order of the Day-book, the Thermometers attached to instru- 
ments being registered on the same open page with them.* 

• The Abstract will at present consist of sixteen pages, which will 
be prepared and filled up as follows : 
Page 1, Form No. 3 Abstract of Declination Magnetonaeter. 
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Pages Nos. 1 to 11 inclusive, also page No. 13 of the 
Abstract, which are alike, contain each fourteen vertical 
columns and twenty-nine horizontal lines ; the first column 
is for the day of the month as reckoned at each Obser- 
vatory ; the next twelve columns, which are designated 
by the magnetic hours in the time at the Observatory 
also, will contain the obiservations at each magnetic hour 
through each day, Sundays excepted, on the same hori- 
zontal line, in order as they occur on the Day-book ; the 
last column, headed ^' Sums,^ is for the double purpose 
of check and comparison, and will contain the horizontal 
sums of the daily observation at each of the twelve mag- 
netic hours whence the means of each whole day may be 
derived. 

Pages 10 and 11 will for the present not be filled up ; no 
Electrometer having been decided upon. 

Page 2, Form No. 3 • • . . Abstract of Horizontal force Magneto- 
meter. 
„ 3, Do. • • • • Abstract of Thermometer of Horizontal 

force Magnetometer. 
• • • • Abstract of Vertical force Magnetometer. 
.... Abstract of Thermometer of Vertical force 

Magnetometer. 
.... Abstract of Barometer, (uncorrected). 
.... Abstract of attached Thermometer of Ba- 
rometer. 
.... Abstract of Dry Thermometer. 
. . . Abstract of Wet Thermometer. 
„ 10 and 1 1 , Form No. 3. Abstract of Electrometer. 
„ 12, Form Now 4 .. .. Abstract of Hygrometer. — Elasticity of Va- 
pour. — Maximum and minimum of 
Temperature, and solar and terrestrial 
Radiation. 

„ 13, Form No. 3 Abstract of Barometer corrected. 

„ 14, Form No. 5. •.•• Abstract of triple observation of Magne- 
tometers at the magnetic hour, 2 p.m. 
Gott. M.T. 
„ 15 and 16, Form No. 6. Blank for absolute determinations, and 

for miscellaneous observations, &c. 





4, 


Do. 




5, 


Do. 




6, 


Do. 




7, 


Do. 




8, 


Do. 




9, 


Do. 
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The corrected observations of the Barometer to be ab- 
stracted in page 13, will be reduced to the Temperature 
3S° Fahr., and corrected for capillarity : this latter oonec- 
tion, however^ on account of the sise of the tubes^ is very 
small. 

The Temperature of the dew-point, and the Elasticity of 
▼apour corresponding to it, which may be deduced from 
Table No. 5 in the Report ; also the maximum and mi- 
nimum of daily Temperature and of solar and terrestrial 
Radiation, will be abstracted in page 12 ; and the mraithly 
abstract of the daily triple observations will be inserted 
similarly with the above in page 14, in the three seta of 
columns ruled separatdy for each instrument; but the 
monthly means of these observations are not to be takoi. 

No observations are to be made on Sundays : the greatest 
number of working days, therefore, in one month, will not 
in any case exceed twenty-seven, for which extent the form 
provides. The sums and means of the observations at each 
magnetic hour, for the whole month, will be entered in their 
proper hour column at the foot of the page, on the hori- 
zontal line so designated. 

All the observations taken on Term days, which corres- 
pond with the magnetic hours of the daily series, will be 
included in the abstract of the daily observations, as well as 
in the Term day abstract. 

The monthly absolute determinations, as also the miscel- 
laneous and extraordinary observations, do not require to be 
inserted after any "particular form ; they will be entered 
commencing with page 15, and a blank sheet of ruled paper 
will be added to the forms for each month, to ensure space 
for their entry and for remarks. 

The state of the Weather as observed daily will 
admit only of being transcribed at length ; it will be 
necessary to do this in the copies of the monthly abstract 
which are to be sent home, but not into the Abstract book 
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which remains at the Observatory , as they are registered in 
detail in the Day-book. 

The Term day ofaservaticHis will be abstracted agreeably 
to Forms Nos. 7, 8> 9, and 6, of which the first page is for 
theDedination Magnetometer, the second for the Horizontal 
and Vertical force instrnments, page three for the hourly 
observations of the Meteorological uistrinnents, and page 
four tot Remarks* 

The first page contains thirteen vertical columns^ and is 
divided into two parts, each containing twelve horizc»ital 
lines; the first column is for the minutes of each hour in 
Gotdngen mean time, at which the observations of the 
Declination Magnetometer are made, and the twelve follow- 
ing columns, which will contain the observations, are 
designated by the hours, in Gottingen mean time also, in 
order as they occur on the Term day-book. The upper 
half of the page contains the first twelve hours, and the 
lower half the last twelve hours of the twenty-four, com- 
mencing with 10 P.M. Gottingen ic.t. of the day appointed 
in the programme. Each observation will be entered in the 
hour column of that part of the page to which it belongs, and 
on the horizontal line designated by the minute of the hour 
which it was taken; thus an observation taken at the hour 
6h. 45m, A.M. Gottingen m.t. would be entered in the upper 
part of the page on the 10th horizontal line, and in the 9th 
hour column. Similarly an observation taken at Ih. 00m. 
P.M. would be entered on the 1st holi^ontal line and on the 
4th hour column of the hwer part of the page; by this 
arrangement one column in each part of the page contains 
in abstract the observations of one page of the Term day- 
book. 

The second page contains the abstract of both the Hori- 
zontal and Vertical force instruments, the observations of 
each of which are taken at double the interval of the 
Declination instrument, i.e. every ten minutes* The former at 
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^m. 30s. l^m. 30s. &c., and the latter at 7in. 30s. ITin. 30s. 
&c. of each hour ; the form for both instruments is similar, 
and their designations differ only in the horizontal lines, 
which will be numbered as above in each form, agreeably 
to the absolute times at which the observations of each 
instrument are made. The arrangement of the forms is 
similar to .that of the Declination instrument in page 1, 
excepting tlfat there are only six instead of twelve hori- 
zontal lines in each part for each instrument, corresponding 
with the number of observations per . hour which will be 
taken, and that each part contains an extra line for abstract- 
ing the hourly observations of the Thermometers of these 
instruments. 

The method of entry is similar to that laid down for the 
Declination Magnetometer : the hourly observations of the 
Thermometer will be entered on the horizontal line at the 
foot of each part, and in the hour column to which it belongs, 
agreeably to the designation at the head of the part One 
column of each part of these forms contains, as above, the 
abstract of one page of the Term day-book. 

The manner of abstracting and entering the Meteorolo- 
gical instruments on Term days will be sufficiently evident 
from an inspection of page 3 of the form. The means of the 
observations will be taken every six hours, but their numbers 
being few, their sums will not be entered. The state of the 
Weather at each magnetic hour will be transcribed into the 
unoccupied portion of the page in those copies of the ab- 
stract which are to be sent home, but need not be entered 
in the abstract book, which will remain in the Observatory, 
having been registered in detail in the Term day-book. The 
Temperature of the dew-point, at the four six hourly periods, 
also the maximum and minimum of Temperature and Radia- 
tion, will be entered likewise, in the vacant part of this page. 
The fourth and last page, which is for remarks, is ruled 
simply with faint lines, according to Form No. 6. 



IIT 



5. Curve Book. 

The comparison of the results will be much facilitated by 
projecting them in Curves; and for this purpose each 
Observatory is furnished with a Curve Book, the pages of 
which are printed from an engraved plate. 

A comparison of individual results is only required 
where it is desired to trace the progress and*laws of the 
irregular changes. Such a comparison, accordingly, will 
always be made of the results of simultaneous Observations 
on Term days. It may also be done when, on any extra- 
ordinary occasion, the progress of a disturbance has been 
watched at short intervals. 

The mean results contained in the Monthly Abstract are, 

1. The daily means of the results at the twelve 
magnetic hours, and 

2. The monthly means corresponding to each hour 
separately ; 

the latter of these determine the law of the diurnal oscilla- 
tions, the former that of the monthly change. It is desira- 
ble that the monthly results of each of these series should 
be projected in Curves ; but it will be necessary, before- 
hand, to apply the corrections for temperature, as explained 
in the Report. The instruments whose results it is desirable 
to record in this manner are the Three Magnetometers, the 
Barometer, the Wet and Dry Thermometer, and the Elec- 
trometer. 

The form, of wliich a specimen is annexed, consists of 
twelve principal and two quarter compartments in length, 
and six principal and two half compartments in breadth. 
Each compartment, which is an inch each way, is divided 
into six principal divisions marked by strong lines, and these 
are again subdivided into two by faint lines, so that the inch 
is subdivided into twelve parts each way. This arrangement 
has been made to admit of the more easy projection of Term 



 • 
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day curves, and because it is convenient in assigning the 
time value of the scale in the projection of curves generally. 

The curves of the monthly means corresponding to each 
magnetic hour separately may be laid down oo the breadth 
of the page, each half compartment correq)onding to the 
interval of the daily observations, or to two hours; each 
principal division, L e, the interval between two strong lines 
will represeltt one division of the scale in the Declination 
and Horizontal force instruments, the tenths of which will 
be estimated as they are in making the observations. For 
the Vertical force Magnetometer, one principal division of 
the form will represent one division of the micrometer head, 
or five such divisions a whole turn of the screw* Increasing 
easterly variation^ of an increase of force^ will be repre- 
sented by tracing the curve upwards, during the given 
intervals ; and the converse for decreasing easterly varia- 
tions, or for a diminution of force, t. e, by a descending 
curve. The point of commencement will be towards the 
lefty and the intervals of time will be reckoned in regular 
successioki to the right. 

The daUy means of the insults at the twelve magnetic 
hours tnay be laid down across the page also, and in manner 
as above described, each principal division representing an 
interval of one day ; increa^ng values being represented by 
an ascending, and decreasing ones by a descending curve. 

The curves of the Term day Observations will be pro- 
jected along the length of the Form, each half-inch repre^ 
senting an interval of one hour of civil time; one subdivision 
will thus be equal to ten minutes, i.e. to two intervals of 
observation of the Declinati(Hi, and one each of the Hori- 
zontal and Vertical force Magnetometers ; the values of the 
scale being taken as before directed. The curves will com- 
mence at the left hand and be traced towards the right. 

The curves of rrregular variations will be laid down simi- 
larly with the above ; but they may be projected on the 
breadth of the page. 
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The above books will form a complete record of the 
magnetic observations carried on at each Observatory, and 
it would be desdrable to have them collected in some one 
office, where access may be had alike to all, when the 
whole period through which they are to be taken shall have 
expired. With a view, however, of comparing the results 
obtained at each Observatory, and for the purpose of pub- 
lication, duplicate copies of the monthly abstsacts, both of 
the daily and term observations, and of the iiegister of the 
weather, both on ordinary and on term days, will be re- 
quired, and it is hoped that one copy, at least, of these 
documents will be despatched from the Observatories re- 
gularly every month. Regarding the second copy, a par- 
ticular arrangement will be entered into for their transmis- 
sion, which will be communicated to the Superintendent 
of each Observatory, for his informaticm and guidance. 

An Annual Report should also be furnished by the Super- 
intendent of each Observatory, noticing all occurrences 
which may appear worthy of special remark, giving a gene- 
ral history of the proceedings during the year, and stating 
the conclusions which in his opinion may be drawn from a 
comparison of the observations of one month with those of 
another. It will be interesting also to receive from each 
officer, when the Observatory under his superintendence 
shall be in regular course, a detail of the operations performed 
in making all the preliminary adjustments before com- 
mencing the series of observations with each instruuient, 
and of the precautions taken to secure accuracy in their 
results. 



Books and loose Papers have been prepared agreeably to 
the above directions, and may be had of Messrs, Wm. H. 
Allen and Co., Booksellers to the Honble E.I. Company, 
No. 7, Leadenhall-street, Laadon. 



FORMS FOR THE BOOKS. 



Note. The letter a, at the head of the second column of Form 
No. ] , represents the time nearest after midnight, corresponding 
to some one of the magnetic hours of Gottingen mean time, and 
will always fall between midnight and 2 a.m. of mean time at the 
Observatory. The letter Ay on the same line in the first column, 
is that magnetic hour of Gott. M.T. with which a corresponds. 
The other letters in both series represent the consecutive mag- 
netic hours, or intervals of two hours of civil time ; the capitals 
in Gott. M.T. the small letters in M.T. at Observatory. In the 
triple observation the letter H' represents Ih. 50m. p.m. H 
stands for 2 p.m., and H" for 2h. 10m, p.m. Gott. M.T., and the 
letters h\ k, and A", represent the Observatory times correspond- 
ing thereto. 

The place of the triple observation will occur in different parts 
of the page at each Observatory, according to the magnetic hour 
Gott. M.T., which may be there represented by the letter A. 
In the Form this is supposed to be midnight ; i.e. the longitude 
of the Observatory is assumed to be on the meridian of Got- 
tingen, and, consequently, the times A and a are similar. The 
numbers 1,2,3, &c., inserted in the columns headed '* Readings," 
show the order in which the Magnetometers are to be read, and 
represent also the times of those readings as contained in the 
columns of the Table page 3, headed by similar figures. The 
entry No. 6 is for the Declination instrument, though occurring 
in the column of the V. F. Magnetometer, as shown by the 
separate tide for that entry. 

The small letters in the first column of page 2, at the head of 
the twelve columns in Form No. 3, denote the same times as 
the like letters in the second column of page 1, Form No. 1. 

All the Forms which relate to the observations of ordinary 
days, and their abstracts, have been printed in Italics; and 
those relating to Term day observations, and their abstracts, in 
Roman type. 
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Form No. 9. 



Printed by J. L. Cofx and Sows, 7^* Gratt Queen Stntt, 
LInooin't-Inn-Fiddt. 



i 



14 DAY USB 

RETURN TO the circulation desk of any 
University of Caiifornia Library 
or to the 
NORTHERN REGIONAL LIBRARY FACILITY 
BIdg. 400, Richmond Field Station 
University of California 
Richmond, CA 94804-4698 



ALL BOOKS MAY BE RECALLED AFTER 7 DAYS 

• 2-month loans may be renewed by calling 
(510)642-6753 

" l-yeor loans may be recharged by bringing 
books to NRLF 

• Renewals and recharges may be made 4 
days prior to due date. 

DUE AS STAMPED BELOW 



AUG V1998 



OCT 2 1999 



